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PREFACE

The Vulnerability Model (VM), a computer model developed by Enviro
Control, Inc. for the U.S. Coast Guard, simulates the development of
hazardous materials spills and computes the consequences to people and
property from resulting fires, explosions, or toxic vapors. It is being
developed as a major component of the U.S. Coast Guard Risk Management
System for evaluating the cost-benefits of alternate means for reducing
the risks and consequences of marine accidents involving hazardous mate-
rials. Recently the U.S. Coast Guard has adopted Population Vulnerability
Model (PVM) as the official name for the model. This change has not been
incorporated in this report ard VM is used throughout, a name which is
synonymous with PVM.

The VM has undergone a phased development. This report describes the
work under the latest phase, which is to prepare the VM for operational
use. The work was performed under the overall technical direction of
Dr. Michael C. Parnarouskis, the U.S. Coast Guard Project Officer, wl.
must be given credit for the basic operational concepts developed and in-
corporated in the Vii and reported here. Particular mention is made of his
role in the design of the User Interface Module (UIM), a valuable addition
to the VM which transforms the highly complex Vi simulation into an easy-
to-use analytical tool.

Acknowledgement is made also of the contribution of Dr. Alan L.
Schneider who assisted in selection of the chemicals for simulation and
provided data on the characteristics and transportation of hazardous
chemicals.

Finally, the efforts of John Rezmert and Dr. Chi K. Tsao are gratefully
acknowledged. 14M. Remert programmed the initial version of the Users
Interface Module, and Dr. Tsao did much of the work on the displays and
contributed substantially to their documentation in Chapter III.
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Chapter 1

INTRODUCTION AND SUMMARY

A. ZNTRtODCTION

This report describes the work performed during the past year to
prepare the U.S. Coast Guard Vulnerability Model (VM) for operational
use. Four specific tasks were carried out:

a Development of the User Interface Module (UIr), an easy-to-use
conversational program which enables inexperienced or occasional
users to set up and run VM eimulations easily and reliably with
little or no training.

a Development of a series of VM output display routines which
display the results of VM simulations on CRT terminals or
hard copy plotters.

* Development of ready-to-use Geographical/Demographic files for
Los Angeles and New York Harbors (a file for New Orleans al-
ready exists).

* Performance of a number of VK spill simulations for selected
chemicals in Los Angeles and New York Harbors to operationally
test the U114/VM system and to provide a hazard ranking of the
selected chemicals.

The accomplishments of the four tasks are summarized in the Sunary
section of this chapter and are described in detail in the follnwing chap-
tors (Chapters 2 through 5). Appendix A gives a brief description of the
Vulnerability Model (VK) for readers unfamiliar with its characteristics
and its use. More complete information on the VK is provided in roefk-
"ences (1) through (5).

l [1] senbarg, N. A., C. J. Lynch, and R. 3. Breading, VulnerabilltV Model:
A slomulation Sgstem for Assessing Damage Resulting from Narine Spills,
Final ,sport, CG-D-136-75, NTIS AD-AO15 245, prepared by Enviro Con-
trol, Inc., for Department of Transportation, U.S. Coast Guard, June
1975.

121 Rausch, A. H., N. A. Eisenberg, and C. J. Lynch, Continuing Developjene
of the Vulnerability Model..., Final Report, prepared by Snviro Con-
trol, Irc., for Department of Transportation, U.S. Coast Guard, febru-
ary 1977.

131 Rauech, A. H., C. K. TsaO, and R. M. Rowley, Third-Stage Dwelopment
of the Vulnerability model..., Final Report, prepared by Snviro Con-
"trol, Inc., for Department of Transportation, U.S. Coast Guard, June
1977.

(43 Rowley. R. K., and A. H4. Rausch, VuJlnerability Model User's Guide,
S•Enviro Control, Inc., October 1977.

(51 Tso, C. K., and W. W. Perry, Nodifications to the Vulnerability
Model..., Final Report, prepared by Enviro Control, Inc., for Depart-
sent of Transportation, U.S. Coast Guard, March 1979.

Y 1-1
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B. SU•nARY

This section presents a brief summary of each of the four study tasks.
Following the task summaries is a suammry of additional VH program modifi-
cations that were made to improve the utility of the VM output tables and
to correct VM logic errors that were found during the course of the work.

1. User Interface Nodule (UIN)

The UI has been designed and developed to meet general specifications
defined by the U.S. Coast Guard. It is a conversational program which
interacts with the user to help prepare the inputs and the files needed to
run the VM. Although it is a separate program from. the VM, it is linked ,to
the VH and all instructions and comands needed to run the VM are provided
through the UIM. Instructions and explanatory material are built into the
UIM so that the program is essentially self-explanatory and, in general, a
user's manual is not needed to use the UIM. An abbreviated version of the
file preparation conversation is provided in addition to the detailed in-
structional version, to enable the more experienced users to run VM- simu-
lations in as short a time as possible. Figure 1-1 is a flow diagram of
the UIM illustrating its principal features and the key user optic ,s.

A key feature of the UIM is its ability to augment the data provided
by the user, with information from its internal files, to provide a cam-
plete, consistent, and correctly formatted set of inputs for the VM. This
internal data is data that is dependent on basic scenario inputs but is
particularly difficult for the user to acquires e.g., flame speeds,

Y• probit coefficients. These data have been prepared in advance and placed
in the internal UIM Chemical Properties file. The UIhM can perform VH
simulations only for those chemicals which have been inserted in the UIM
and checked out in advance. Currently, there are 27 hazardous chemical
property sets incorporated in the UIM (see Table 2-2 in Chapter 2).

To validate its operational effectiveness, the UIM/VI system has been
successfully exercised by engineering-oriented personnel with no Y4 or
computer experience. A User's Operational Manual has been published which
gives complete instructions on how to access and operate the UIM 16). In-
cluded in the manual is a section which explains and interprets the VI
output tables.

The VIM program documentation is provided in Chapter 2 below. This
includes the program information needed for maintaiadng and updating the
VIMI as required to incorporate additional chemicals or user aids.

[6) Enviro Control, Inc., User Interface Nodule (tilE) for U.S. Coast Guard
V'ulnerability Model (VtE): Draft User's Operational Manual, prepared
for Departmeot of Transportation, U.S. Coast Guard, June 1979.

•" 1-2
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2. Graphical Displays

Graphical routines have been developed to display the major results of
the Vii simu]ation on CRT terminals or hard copy plotters. Thirteen spe-
cific output displays have been developed, namely:

e Four isoconcentration displays

- irritation* threshold for puff and plume
- lower flammability limit for puff and plume

"* Four injury** displays

- toxic injury for puff and plume (outdoors)
- flash fire and explosion injury

9 Four lethality"*' displays

- toxic lethality for puff and plume (outdoors)
- flash fire and explosion lethality

* One structural damage display

All displays are in the form of isoconcentration or isofractional damage
contours overlaid on a schematic map of the geographical cells. Thus, the
user obta•sij a visual accounting of which cells are affected, and to what
degree.

An additional feature of the displays is the option of changing spill
location, wind direction, or ignition center (where applicable) interac-
tively without having to rerun the Vi parametrically. This permits users
to economically and rapidly estimate the effect on damage of changes in
these parameters.

To incorporate the displays, the VN has been todified with the addi-
tio- of six new subroutines. At the user's option, the display data are
qenerated during the VM simulation and stored in a VH output file which can
be called up and displayed anytime the user desires. Chapter 3 below de-
scribes the display routines and their derivations and giqv"e instructions
on how to use the displays.

sIrritation' is a discomaorting but nonincapacitadn' impairment.

**-Injury" is an itpaiment requiring hospitalization.
****Lathality" implies I=e ate and lasting total incapacitation.

1-4
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3. Geographical/Demographic Files*

* A methodology has been developed for generating Geographical/Demo-
"graphic files to satisfy arbitrary specifications on the number of cells
and the general location of the file. The key element of the methodology
is a computer program which searches the census MEDList tape and identi-
fies all census block groups that are located within a quadrilateral
defined by a central point plus and minus a Ax and a Ay. The user ini-
tially inputs the quadrilateral which encompasses the appropriate area ne
is interested in. He then examines the results and repeats the process
with a modified quadrilateral until he obtains the number of cells desired
for the file. The maximum size of the Geographical/Demographic file that
can be processed by the VM is 400 cells.

To reduce file generation cost and to overcome tape reading problems
caused by differences in IBM and CDC software, intermediate MEDList tapes
have been created which contain only those portions of the MEDMist encom-
passing the harbor areas of interest. These intermediate files are then
searched as described, to create the specific file limited to the parti-
cular area and number of cells desired.

Intermediate MEDLiat files were created for t1e New York City and Los
Angeles areas. Three Geographical/Demographic f6.•ls, each containing
slightly less than 400 cells, were then created for the two citiest one
for Los Angeles Harbor (San Pedro/Long Beach and the area immediately
north of the harbor) and two for New York Harbor (the Perth Amboy vicinity
and the Lower Brooklyn/Coney Island area). Together with the New Orleans
Geographical/Demographic file, there are now four ready-vade Geographical/
D ewnraphic files available for Vi users.

Chapter 4 of this document doscribes in detail the generation and the
characteristics of the Geographical/Demographic files.

*The Geographical/Demographic file consists of a file of census block
groups or enuaeration districts for a given geographical arsa. Por each
cell (census block group/enumeration district) in the file, the identi-
fier, latitude and longitude of the cell center, the population. the num-
ber of structures within the cell, dollar value per structure, and igni-
tion strength of the cell ato specified.I, l-5



4. Spill Simulations

To check out and test the UIM/VM system and the newly generated Geo-
graphical/Demographic files, a number of spill simulations were run for a
variety of chemicals and spill scenarios at the New York and Los Angeles
Harbors. The purpose of these simulations was twofold. In addition to
validating the UIM/VM system, the simulations provide a means of evaluat-
ing or ranking the relative hazard potential of a series of hazardous
cargoes selected by the U.S. Coast Guard.

The cargoes that were selected for simulation are listed in Table 1-1.
These chemicals were chosen in part by an analysis of hazard properties
(e.g., toxicity, flammability), and in part by consideration of shipment
volumes. For the toxic chemicals, the probit coefficients were derived
from an analysis of toxicity and health effects data in the literature,
and for all the chemicals, the chemical/physical data needed for the UI(
files was prepared and incorporated in the UIM.

Three spill sites were selected (two for New York and one for Los
Angeles) and for each a standard environmental scenario was defined which
was used for all chemicals. Table 1-2 defines the spill scenarios for
each spill site. The only differences in spill simulations between chemi-
cals (other than the chemical properties) was in the cargo characteristics.
Tank capacities (and associated temperatures and pressures) were selected
for each chemical which correspond to the maximum tank size that is cus-
tomarily transported by water for that chemical. Table 1-1 gives the tank
capacities assumed for each chemical cargo. For all cargoes, the identical
rupture characteristics were simulated (hole size and location). Due to
the different tank capacities the size of the spill varies with chemical,
but the simulations are all consistent in that they represent the maximum
amount that can be spilled from a specified type of rupture in a single
tank.

The simulations were initially run by experts for the Perth Amboy sce-
nario to check out the UIM/VM system operation. Based on an analysis of
the results, errors and problems in the system were found and corrected.
Then the simulations for the remaining scenarios were run by novices with
a minimum of training and assistance. These latter exercises were com-
pleted successfully and demonstra*ed the operational acceptability of the
Ulm.

The results of the simulations were carefully analyzed for the purpose
of ranking the relative hazards of the 15 chemicals. Table 1-3 summarizes
the results of this ranking. The 15 chemicals fall into four hazard cate-
gories and seven hazard rankings.

1-6
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TABLE 1-1

Simulation Scenario Cargo Characteristics

,TANK TANK CARGO CARGO -

CHEMICAL N4AME CODE CAPACITY H.EIGHT PDESSUREa TU4ERNTZYRzb p.,MjW
_ _ _ ____)_ WL. (atm) (0c-

Acetaldehyde AAD 3,000 15 1 (C) Ambient F

Acrylonitrile ACN 3,000 15 1 (C) Ambient T

Ammonia (Anhydrous) ANA 10,000 20 1 (V) -33 T

Chlorine CLX 182 7 1 (V) -33 T

Dimethylamine DNA 3 , 0 0 0d 15 2.5 (C) Ambient F

Ethyl ether EST 3 , 0 0 0 d 15 1 (C) Ambient •

N;G LNG 25,000 22 1 (V) -161 F

LPG LPG 10.000 20 1 CV) -40 F

Nethyl bromide NT9 3,000 is 1 (C) 4 T

4Methyl chloride M• 3.000d 17 1 IV) -24 F

Octane DAN 4,000 17 1 (C) Ambient F

Pentane PTA 4,000 17 1 (C) Ambient F

Propylene oxide POX 3,000 1i 1 (C) Umblent To

Toluene TOL 4.000 17 1 (C) Ambient T

* . Vinyl chloride VCC 6,000 17 1 IV) -14 F

for all chemicala. fraction filled - O.9
hole dieot:%r - 2 a

--- sight of centerlino above waterline - I at
heiaht of hole bottom above tank bottom s 0

C (C) - closed tanks (V) a vented taak
b..: pk~bLt 8sa tmpetatur*

F 4a tlash fiees T- toxie
- - - • D~ o u b l e t a nk c q e c t y (6 , 0 0 0 a l l we * & Is o s i l at e d t o t t b t h m ee o 1 .
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TABLE 1-3

Results of Hazard Ranking

HAZARD DESCRIPTION OF HAZARD'•:•"CHE14ICALCATEGORY CATEGORY RANKING

Most Many thousands of
casualties for Chlorine 1
all scenarios

Ver Appreciable LNG 2
SVry casualties for LPG 2

Hazardous all scenarios Methyl Bromide 2

Ammonia 3

Casualties only Vinyl Chloride 4
under extreme

Hr ardous conditions (high Pentane 4
oatmospheric Methyl Chloride 5

stability and
close- .n spills) Toluene 5

Ethyl Ether 6

Octane 7

No caquulties or Dimethylamine 7
Relatively damage under any Acetaldehyde 7

• Nonhazadous
of the c.cenariosotAcrylonitrile I

Propylene Oxide 7

""- 9
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Chlorine is by far the most casualty-producing under all scenario con-
ditions, even though it had the least quantity spilled. LNG, LPG and methyl
bromide are ranked next, and no appreciable difference could be distin-
guished between them. The next six chemicals produced casualties only for
one of the three scenarios. This was the scenario of highest atmospheric
stability (F) and of closest-in spill (400 meters to closest downwind popu-
lation cell). These six chemicals are ranked as shown based on the number
of casualties. Finally, five chemicals produced no casualties under any
conditions and were ranked as relatively nonhazardous. Of these, all are
highly soluble except for octane, which is of low volatility.

Several observations are evident from an examination of the simulation
results

. As might be expected, soluble chemicals generally do not
result in any casualties or damage. The spilled material
rapidly goes into solution which reduces the vapor concen-
tration at downwind cells below hazardous levels for both
toxic and flammable materials. An exception to this is
ammonia whi -h is highly volatile and which was spilled in a
relatively large quantity (10,000 mi3).

9 For insoluble chemicals, the most hazardous are those that
are highly volatile.

* The insoluble chemicals having the lower volatilities re-
sulted in casualties only at Perth Amboy. This was due to
the higher atmospheric stability (class F vs. class D) and
the shorter distance between the population and the spill
site at Perth Amboy versus the Coney Island or Los Angeles
sconarios.

* For the most hazardous chemicals, the, Coney Island scenario
resulted in the most casualties. This was due primarily to
the higher population density in the Coney Island area rela-
tive to the other two areas.

The spill simulations and their results are fully described and dis-
cussed in Chapter 5.

"1-10



5. Additional VN Program Hodificatlons

In the process of performing the four tasks summarized above, a number
of imperfections and errors in the VM program were found and corrected.
Of particular importance was the cleanup and clarification of the VM out-
put tables to make the tables more understandable and easy to interpret
for the UIM user. Also of major importance was the correction of a number
of logic errors that were discovered during the running of the simulations
in Task 4.

Listed below are the major cosmetic and logic modifications that were
made to the VM program during the performance of the contract. All of
these modifications have been incorporated in the latest version of the
VM (i.e., cycle 15) which is available through SCOPE disk or on tape. See
Chapter 6 for information on accessing the VM program.

a. Modifications to VX output tables

(1) Suppressed the "loader map" printout that precedes the
VII output tables.

(2) Removed the time-incremented "radiation ,flux" tables
that have not been used since the modification of the
flash fire model.

(3) Provided for optional suppression of the vapor cloud
concentration tables in ppm units. These tables are
redundant since the concentration is also given in
kg/m 3 units.

(4) Suppressed the ignition output table for toxic runs
(the data are meaningless for toxic simulations).

(5) Printed the cloud dispersion coefficients, Cy and Ca,
for plume as well as puff runs in the ignition output
tables.

(6) Suppressed all damage tables for cells in which the
values were all zero. For large Geographical files
of the order of 400 cells, this reduces significantly
the time and amount of computer printout.

b. Logic corrections to the VN program

(1) Corrected an error in the inside dosage ccmputation.
The docage was originally given in ppm-sec and was
corrected to ppm-min.

(2) Corrected an error in air temperature variable which
was caused by mistyping of the variable's symbol.

1' 1-11
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(3) Corrected an error in the flash fire model that had
resulted in the miscomputation of the size of the fire-
ball due to use of incorrect vapor density.

(4) Revised the flash fire model to improve the accuracy by
calling for the input of both the surface flame temper-
ature and the flame speed.

(5) Corrected errors in the secondary fires flag assignment
logic which caused the aborting of certain VM output
tables under certain file status conditions.

(6) Corrected the logic error in subroutine PATH which as-
signed an incorrect model to some immiscible chemicals
"(such as ether).

(7) Revised the venting model to reduce the possibility of
computational error (numerical overflow) under adiabatic
tank conditions.

(8) Incorporated a bypass option which enables the user to
circumvent the venting, spreading, and evaporation sub-
routines and go directly to the air dispersion model,
Model C. This option supersedes the Path Override
option when it is selected.

(9) Modified the integration time for toxic damage to the
lesser of the total evaporation time or the user input
"time the computations are to be made", VM field numbers
6001, 6004, or 6007. This enables the user to specify
an evacuation time through specification of the time
sequence variables. This is particularly important for
chemicals with low volatility which take many hours or
days to evaporate.

1-12
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Chapter 2

USER INTERFACE MODULE

A. INTRODUCTION

The User Interface Module (UIM) is a computer program specifically de-
signed for use by personnel with little or no computer experience. By
interacting with the user in an easy-to-understand conversational mode,
the UIM helps the user set up spill problems for the Vulnerability Model
(VM) and then automatically runs the VM to simulate the spills. The UIM
feeds data to and controls the VH, and serves as the interface between the
VM and the user. In this capacity, the UIM performs six specific func-
tions which assist the user in performing VM simulations.

First, using conversational prompts, the UIM acquires the inputs from
the user that are needed to simulate the spill problem he is interested
in. It only asks for those inputs that are necessary, thereby relieving
the user of the worry about inputs that are not needed or that come from
internal UIM or VM files. Approximately 150 inputs are needed for a VM
_imulation, but for a typical spill problem the user needs to supply only
30 or 40. Table 2-1 is a listing of all the inputs that the UIM requests
of the user. In any given problem, a portion of these inputs would not be
needed.

Second, the UIM provides information and instructional material that
helps the user prepare the input values. Sufficient information is dis-
played to enable the user to prepare a simulation without the need for
supporting documents or worksheets. This information is displayed only
when requested by the user, so the experienced user is not held up by in-
formation statements he does not need.

Third, the U14 edits the inputs to check for alpha or numeric errors
and then informs the user of the type of error.

-. Fourth, the UIM makes conversions, performs calculations, and provides
data from its internal files necessary to complete the VM Input file.
This file is then formatted in the proper VM computer format for submis-
sion to the VM. Actual submission of the run is made by the UIM following
a user-supplied command to do so.

Fifth, the UIM informs the user of the chemicals for which spill simu-
lations can be run, and the ports for which Geographical/Demographic files

-'1 exist. Spill problems involving these chemicals and ports are the only
problems that can be run through the UIM. Tables 2-2 and 2-3 present the
chemicals and geographical files available in the UIM as of this writing.
A current up-to-date listing of the available chemicals and ports is con-
tained in the UIM program itself and in the UIM User's Operational Manual
[61. (If other chemicals or ports are desired, then either the UIM mustii . obe modified to include the proper data or the VII must be operated directly,
i..., not through the UIM.2

2-1



TABLE 2-1

Listing of User Inputs to UIM

INPUT VARIABLE VALID EUTRIESNUMBER

1 CHEMICAL CODE AAD, ARL, ACN, AMA* BUT, BTN, CRT, CLX, WNAh
NET, HDC, HCN, FX, HDS, LNG, LPG, MTR, NTC,
OANZ, PTA, PHG, PRP, PPL, POX, SFD, TOL, VCM

2 CARGO TEIPERATURE -200 to +300"C (-432 to +50aeF)

3 TANK PRESSURE (ATMOSPHERES)

4 TANK CAPACITY (CUBIC METERS or THOUSANDS OF GALLONS)
$a TANK HEIGHT (METERS or FEET)

6 FRACTION OF TANK FILLED 0 to 1.00

7 HOLZ DIAMETER Must be )0 (METERS or FEET)

8 b HEIGHT OF CENTERLINE (METERS or FEET)

96. HEIGHT OF HOLE BOTTON (METERS or FEET)

10 SPILL LOCATION 1 (OPEN or STILL WATERS)i 2 (FLOWING WATERS)

11 WATER TEMPERATURE -4 to +49"C (25 to 1200F)
12d CHANNEL WIDTH (METERS or FEET)

13d AVERAGE RIVER DEPTH (METERS or FEET)
14d AVERAGE RIVER VELOCITY (METERS PER SECOND or FEET PER SECOND)
l5d TYP OF RIVER BANKS 1 (CLEAN, SMOOTH)s 2 (MODERATELY ROUGH)p

3 (COARSE, DENSELY VEGETATED)

16 AVERAGE WIND SPEED (METERS PER SECOND or FEET PER SECOND)
1,7 WIND DIRECTION 0 to 359 DEGREES

18 AIR TEMPERATURE -40 to +49"C (-40 to +1209F)

19 ATMOSPHERIC STABILITY CODE B (UNSTABLE)i D (MOOERATELY STABLE)i
F (STABLE)

20 DEGREES LATITUDE 00000'00" to 89059,59*

21 DEGREES LONGITUDE 0000 '00 to 1791,59,59g
22 DISTANCE OF SPILL TO SHORI (METERS or EET?)

23 TYPE OF DAMAGE I (TOXIC) 2 (POOL BRUNING)l 3 (FIREBALL )i
4 (FLASH FIRE)

24 GEOGRAPHIC FILE 1611, 2211, 3611, 3612

I5 SECONDARY FIRES YES or NO (only for Geographic file$ 2211 and
3611 presently)

26 FRACTION OF POPULATION 0 to .99

27? BEGIN FIRST TIME SEQUENCE (SECONDS)
267 TIME INTERVAL FOR FIRST (SECONDS)

TIRE 39oUENC9

29f END FIRST TIME SEQUENCE (SECONDS)

30f BEGIN SECOND TIME SEQUENCE (MINUTIS)

31f TIME INTERVAL FOR SSCON (MINUTES)
TIME SEQUENCE

32f' D1I SECOND TIME SEQUENCE (MINUTES)

33! BEGIN THIRD TIME SEQUENCE (MINUTES)

34! TINS INTERVAL FOR THIRD (MINUTES)
TIE•E SEQUENCE

35! END THIRD TIME SEQUENCE (MINUTES)

aTop-to-bottom height. bHole's conterline abovevat orline. Holt's bottom

above tank bottom. Not used if open vater* are specified for Item 10.
Not used If a toxic damage code is specified for Item 23. fDefault sequence used

If requeated.
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TABLE 2-2. Chemicals in UIM

CHEMICAL CODE HAZARD*

Acetaldehyde AAD F
Acrolein ARL T,F
Acrylonitrile' ACN T

Ammonia (anydrous) AMA T
Butane BUT F
Butylene BTN F

Carbon tetrachloride CBT T
Chlorine CLX T

Dimethylamine DMA F

Ethyl ether EET F
Hydrogen chloride HDC T

Hydrogen cyanide HCN T
Hydrogen fluoride HFX T
Hydrogen sulfide RDS TF

Liquefied natural gas LNG F

Liquefied petroleum gas LPG F
Methyl bromide MTS T
Methal chloride HTC F

Octane OAN F
Pentane PTA F

Phosgene PHG T
Propane PRP F
Propylane PPL F
Propylene oxide POX T,F

Sulfur dioxide SF0 T
Toluene TOL TF

Vinyl chloride VCM F

*Principal hazard codes aret Totoxic, F-flammable.

TABLE 2-3. Available Geographical Files

PORT CITY PILE NAME UIM CODE

New York, Perth Amboy area GEONY4 3611
New York, Coney Island area GEONY6 3612

Now Orleans GEONOI 2211

Los Ange les GEOLAI 1 611
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Sixth, the UIM provides for storage of previous VM Input files pre-
pared by the user. When similar problems are to be run, the user can call
for these files and make changes to them rather than create entirely new
filesl this greatly reduces the file preparation time.

B. DESCRIPTION OF THE UIN

1. Introduction

In structure, the UIM consists of two programs: (1) UIML, an una-
bridged program which accommodates the beginner or occasional user, and
(2) UIMS, an abridged program which accommodates experienced users who are

more conversant with computers and who are sufficiently conversant with
the data needs of the VM so as not to need detailed information on the
inputs.

Each of the programs is further divided into two branches: a branch
for creating a new Input file and a branch for using an Input file previ-
ously created and saved. The latter branch is a time-saver when the user
is interested in running a series of similarly structured problems which
differ in only one or two parameters. An edit routine enables the user to
make changes to any of the inputs in the old file and resubmit the run.
Figure 1-1i in the Introduction and Summary Chapter 1 illustrates the basic
structure of the UIM and a detailed UIM flowchart is presented in Appendix
B.

2. Unabridged Program (Detailed or Long Version)

In operation, the user of the UIM is asked initially for his/her name.
This is for file-management purposes. Then, the user is asked whether or
not he wants to use the unabridged (long) version of the UIM if the re-
sponse is negative, the abridged program is then accessed. The differ-
ences between the two programs consist of quantity of prose and additional
information options. In the long version, each needed data input is ex-
plained prior to the actual request for the input value. The input re-
quests are arranged by groups, and there is a preamble to each group,
wherein the user is asked whether or not further information in desired.
If the response is affirmative, then several paragraphs of additional ex-
planatory material, usually consisting of "typical values" lists or a
fuller description of the physical nature of the group of inputs, are pre-
sented. This explanatory material is presented in Appendix B of the UI4
User's Operational Manual.

3. Abridged Program (Short Version)

The short version was created to satisfy the needs of a more experi-
enced user, who perhaps has resorted to the detailed version several times
previously and is sufficiently conversant with the data input explanations
so as to not wish to be prevented with the textual material each time a
file needs to be built. The short version consists of a series of brief,
one-line prompts for data, with the cursor (or printhsad) tomaining on the
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V line of the prompt each time. No access to the informational passages is
granted, and at no time may the usor switch back to the detailed version
without stopping the program and then restarting (and vice versa).

4. Internal Error Checks

Each version makes the same data range checks for file integrity. If
a certain alphabetic response is solicited, it must be entered or the so-licitation will be repeated until a satisfactory answer is received. Nu-

meric data must conform to any physical constraints; for instance, lati-
tude(longitude) data must be not greater than 89(179) degrees, 59 minutes,
59 seconds. However, most of the numeric inputs are selectable at the
discretion of the user, with no range checks performed.

Certain errors made in inputs when under control of the abridged ver-
sion will produce error messages that come from the detailed versicn, but
generally only the message "ERRONEOUS INPUT" will be printed. The de-
tailed version will generally present explanations as to the nature of the
error and a lengthier request for reentry of the datum.

Each version is structured so as to tiolicit values only for pertinent
inputs. For instance, if a toxic run is requested, the input requesting
secondary fires choice will be suppressed. Thus the full set of possible
solicitations may not be presented depending upon the spill scenario con-
templated by the user.

5. idsting and Naming of Input File

Both programs of the Ulm flow identically after the last possible in-
put has been entered. A listing of the file created by the user is pre-
sented' with its internally generated name, using the units of measurement
specified by the user.

6. Use of Old Znput Piles

As mentioned previously, the user doss not have to create a file each
time by answering all of the possible questions sequentially. If a pre-
viously UIM-created file exists on disk in the account, and if only a few
changes need to be made to it to create a file for a new problem for the
VM, the user may opt to reenter this file automatically and save some time
"and effort in the process.

Ismediately after selectiDg the UIM version desired, the user is asked
whether an old or a new file is to be built. If the response is "NEW",
sequential input solicitation, starting with the type of measurement units,
in initiated as described above. However, if the user selects WOLD*, the

*The short version progra provides the user the option to view the inputs
or to skip the listing and go directly to the editing branah, whereas the
long version automatically presents the listing.
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program then asks for the name of the old file to be loaded in. The user
enters the correct six-character UIH file name, and the program then pulls
the file off the disk and loads it. The result of a successful loading is
the same as that for completion of the "now file" branch-a listing of the
complete file by input.

7. Changes to an Input File (Editing an Input File)

After the listing is completed, the user is asked if any changes
(edits) are to be made to the file. If an affirmative response is re-
ceived, the program then.prompts for the line number of the input sought
to be changed (from the listing), and then a prompt for the new value is
issued. If the detailed program was previously selected, a full prompt is
given, and the option for the information statement pertinent to the input
is given. The short version presents a brief prompt, with no choice for
additional information.

The editing branch is complete in the sense that, if a chain of depen-
dent data values has one of its inputs modified, all of the other values
that will be affected will automatically be processed properly. For in-
stance, if the user has a file loaded in with information on river veloc-
ity, depth and width, and during editing decides to change the spill en-
vironment to a nonriver (open water) scenario, the inputs pertinent to the
original river scenario will also be taken out of the edited version. If
the opposite situation occurs, the user will be asked for data needed to
complete the river scenario automatically before edit control is returned
to the user.

8. Completion of the Input File

The user is prompted for more changes after each successful edit. At
thia time, an entry of the word "LIST" will generate the updated, most
current version of thL original file*s contents. If the user wishes to
depart ro-m the edit plhse of the program, a nwgativ. respoise to the so-
licitation for more changes must be entered.

9. Readying the Xnput File for VN Simulation

The next question asked will be whether the user wishes to run a V4
"simulation using the current file. If the response is affirmative, the
current file will be arranged internally to fit the format requirements of
the VK and a teomorary file will be generated; otherwise, no tomporary

file will be made and the VK will not be run.

.10. Saving an Input File

Finally, the user is asked if the current file is to be saved on disk.
Automatic storage :s not a feature of this program so as not to create a
disk-cluttering situation. However, this solicitation has to be used ci.re-
fully. If the user were to hove loaded an old file in and made no chnues

2-6

"•. ; .-.... . .



to it, then it wou~ld be pointless to resave it since old files are always
returned unchanged to disk after each run of the program, so the UIM will
not honor this request in this situation. However, if the old file was
modified, the current file (old file plus modifications) will be saved if
so desired. If the file was built from scratch (a new file), it will
similarly be saved if so desired.

11. Terminating the VIN and Executing the VN Simuzlation

If a Vii simulation based upon the current file is desired, i.e.., if an
affirmative response to the UIM query for running the Vii is entered, a
flag will be set and automatic engagement of the Vii submission job stream
wil~l occur, with about a 20-second delay before the name of the job is
printed. if no simulation is desired, the programa will simply terminate
and clear all local files from the workspace.

11. Recalling the UIN Program To Prepare Another Input File

After the UIMi prmgram terminates. the user may call it back by simply
typing in the command "-RUflMh again and starting over. if the generated
file was not saved, it will not be retrievablet if it has been saved, then
the user may operate on it or any other~ U~Ii-saveO file at his discretion.

C. VIN PAROGIN DXUWMMATION

.1. General

In this section, the infrastructure Is described for the benefit of
those wishing to understand the progrsaming logic. Also, the procedure
files and jobstreams which Are linked to the UlIM are described.

2. -The Ulm Progrzall

The OIfN is actually two similarly constructed programs. The ahort
version is named UIMiSs the long version is UXIEL. it is written in coc's
versicna of BASIC under NOS,&.- a~is retrieved from disk Weore execution
to the user's workspace. The following is a technical descriptioa of the
commnon programming philosophy used to construct the modules.

All user entries and appiicable internally stored data are arranged in
the 2 matrix, which is set t~p in a rov-by-eolumn fashion as Z(a ,b) where
Oa! corresponds to the formA of data per data entry b*b. Specifically, if
a-ol, Z(aob) will be the Vii field identification number for the variable
correspoading to b; if 4,w2, Z(a~b) will be the actual (raw) user inp~ut, in
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alphabetic form, or if i.umerir-, in MKS or British units; if a=3, Z(a,b).
will be the converted ussr input value, i.e., the numeric value converted
to the JVM-required cgs (centimeter-gram-secord) units system.

The major data block stored ii tbe UXM is the C3(a,b) chemical proper-
ties matrix, which holds 18 different cbemic~l properties per chemical for
27 chemicals. The chemical properties .tre those needed for simulation but
not retrievable from tht master Chemical Properties file accessed by the
VM. The chemical code ii-self is the basis for setting the value of "a .in
"the C3 matrix;"a" is determined by a short lookup routine that checks to be
sure that the three-letter code is one for which the UIM can provide chemi-
cal properties.

The program has been wrapped around itself as much as possible to re-
duce excessive coding by usage of a set of flags that control program flow.
The flags are as follows:

& Fl - units flag; l=British system, 2=MKS system

* F2 - chemical code flag; 0=invalid, 1--valid

: F4 - editing branch flag; O=editing branch not in use,
1=editing branch in use

# F5 - file type flag; O=new file, 1=old file

* F6 \--arsion type flag; 0-detailed(long)i l=abridged(short)

* F8 - call to filename generator flag; O=no call has been
made, l=call has been made (and a name has been generated)

el G4 - geographical file code validation flag; O=invalid geographic
file code (query for a new one), 1-valid code (pull the file
off of disk)

* B3 - time sequences source flag; O=time sequences have been
calculated by program, l=time sequences were supplied by
user.

There are several string variable names used by the UIMI the key ones
are listed below:

* AI$ - stores the 26 le, ters of the alphabet

* A2$ - temporary location of randomly generated six-letter
filename

* * A3$ - stores the valid three-letter chemical codes as a string

* * B3$ - stores the YES/NO response to solicitation to cha:1je the
internally calculated time sequences (if any)

* DI$ - command -wring var!.able for communicating with NOS
* D$ - holds the name of the file currently being operated on

* E$ - variable to which the name of an old file is passed if
if the user opts to save the-edited version of the old
file (on disk)

2-8
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SF$ -hos name of geographical file stored on disk corres-
ponding to the input geographical file code

a G$ - holds name of the corresponding (to F$) secondary
fires file if it exists and if a secondary fires run
is re•luested by. the user

. K$ - controls flow pertinent to whether a detailed or abridged
versiou run is requested

* LI$ through L7$ - hold latitude (Ll$ & L2$ & L3$ & L7$) and
longitude (L4$ & L5$ & L6$ & L7$) substring values broken
down by degrees, minutes, seconds, and decimal

e L$(l),L$(2) - concatenated substrings from Ln$ series for
latitude and longitude, as DDDMMSS.

* Ml$ - holds the valid three-letter chemical code

* M5$ - holds YES/NO response to prompt for consideration of
secondary fires sources; used with G$ to produce a
disk-retrieval command if appropriate

e M9$ - stores the selected atmospheric stability code

* US - stores the file source (old or new)

* W$ -- general alphanumeric input variable

* Y2$ - holds YES/NO response to prompt to run a VM simulation.

There are four levels of file status permissible in the UIM. Level I
is for a new UIi files Level 2 is for an old UIN filet Level 3 is for an
edited old ULM filet and Level 4 is for the VM input file (VMINPUT).
Figure 2-1 on page 2-10 lists a typical disk-saved UIM-created file that
could have been produced out of Levels 1, 2, or 3, given the randomly gen-
erated name APAPAP. For comparison, Figure 2-2 on page 2-11 lists APAPAP
in the VM-ready form, the Level A file VMINPUT. Functions specific to CDC
1BASIC that are used include RND (produce a random number from zero to one),
DAT$ (pioduce the date), FILE (control file disposition), CLOSE (similar
to FILE), GET and SAVE (NOS comands).

The VM field numbers, associated variable descriptions, and corres-
ponding Z matrix second-subscript values are pr-sented in Table 2-4 on
pages 2-12 and 2-13.
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UIN INPUT CLX AT PERTH AMBOY 79/06/Z2,v

1001 CLX vCLXv
10 3611 300.00
20 2
0 0

2001 9*OOOOE+07 90.000
2002 500.0 5.000
2003 .0 .000
2004 -33#00 -33.00
2005 1*OOOOE+06 1
2006 0.
2007 1*2560E+08 .98
2008 2.OOOOE+02 2.00
2011 *OOOOE+00
2015 100. 1.00
2016 200. 2.00
2017 6. F
2018 2. 1
2022 14
2023 22,00 22.00
2033 .0000
2029 1.
2029 0.
1019 0.
2036 -33.00
2043 1.-000
2046 .0
2054 29.00 28*00
2059 325.00 325.0
3004 0. 0-
5002 0.
5003 0. 1
5004 1. NO#
5006 0.
5019 0.
5020 999.0
5030 2,6400

*5031 -36.4500
5032 3.1300
5033 -2.4000
5034 2.9000

*5035 3.4000
5036 100.0000
5039 .50 .50
6001 0. 0,
6002 0. 0.
6003 0. 0.
6004 40. 40.
6005 40. 40.
6006 Is is
6007 0. 0.
.6009 0. 0.
6009 0. 06
6010 403040s P403040, F
6011 0741535. #0741535# v

*FIG=fl 2-1. List of a Typical 01K output File# Named APAPAP

2-10



CLX AT PERTH AMBOY 79/06/27.

ON 0CLX•! ~2AA1 , 9CAflE+0,.

2?102 500.0
2003 .0
2004 -33.00
2005 .1000E+07
2006 0.
2007 .1256E+09
P00 .PrnnnF+n3
2011 0O000E+OO
2015 ,IO00E+03
2016 .2o00E+W3
2017 6.
2018 2.
2022 a1
L2023 22.00
2033 .0000
2028 1.
2029 0.
1019 0.

;2 043 ,I00OE+01
2046,. .0
2 054 28,o0
2058 325. 00
3004 0.

95n0.3 0.*
5004 !.
5006 0.
5019 0.
9...5t005 n1.

5031 -36.450
5032 3.130
c503:3 -2.400
5034 2.900•.5035 3,400"-. 533.6 1 0. 00

l oo.ono
50*8 .50
6001 0.
6002 0.
600a 0.
6004 40.

__ :•A n nc; 4n.
6006 1.
6007 0.
6008 0.
6009 0.
"6010 4n:11140.

__ •:.6 0 1 t 0 7 4 J 5 ,; %;.

FIGURE 2-2. VZNINPUT, Created from APAPAP
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TABLE 2-4

VM Input File Prepared Through UIM

V- FIEL . "AT IX

NUBR DESCRIPTION OF INPUT SOURCE OF INPUT -value (SU0))

1001 Chemical Code User - Question 01 --

"1019 60t of Maximum Flame Temperature, OC UI1 Chemical Properties rile 140

2001 Tank Capacity User - Question #4 4

2002 Tank Height User - Question #5 S

2003 Height of Bottom of Hole User - Question #9 9

2004 Cargo Temperature User - Question #2 2

2005 Tank Pressure User - Question 03 3

2006 Tank Thermal Conditions UIN Chemical Properties File 135

2007 Initial Mass of Cargo Computed by UIN from from 6#4,136"___nitial__as__ofCargo Other Inputs

2008 Hole Diameter User - Question #7 7
Pd2011 of Density times UIM Chemical Properties File 137• ; ..... 01 Heat_'Capacity. .....

2015 Height of Hole's Centerline User - Question #0 8

2016 Wind Speed User - Question 016 16

2017 Atmospheric Stability User - Question 019 19

2018 Channel or Radial Spill User - Question #10 10

2020 Channel Width User - Question 012 12

2022 Heat Transfer Conditions, set to I UIN Chemical Properties File 13M

2023 Water Temperature User - Question 011 11

2028 Spill Environment User - Question 10 101

2029 Duration of Discharge Flag, set to 0 .-.

2033 Flame Speed UIN Chemical Properties File 139

2036 Temperature of Liquid Pisoharged Equal to Cargo Temperature 103

2043 Diffusion Coefficient UIN Chemical Properties File 141

2044 Depth of River User - Question 013 13

2045 Width of River User - Question 012 104

204.7 Velocity of River User - Question 014 14

2052 Manning Roughness Factor User - Question #15 15

2054 Air Temperature User - Question #11 Is

2058 Wind Direction User - Question t17 17

3004 Secondary Fire Source Indicator User - Question 025 25

5002 Miscibility Indicator UIM Chemical Properties File 143

(cotimnued)
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TABLE 2-4 (concluded)

VM Input File Prepared Through UIM

v. rim DESCRIPTION OF INPUT SOURCR 0r INPUT n & .TRIX
MDER n-value _z__in )_

5003 Flasmability Indicator User - Question #23 23

5004 Toxicity Indicator User - Question #23 105

5005 Liquid Toxicity Indicators set to 0 UIN Chemical Properties File 146

5006 Type of Ignition User - Question #23 106

5019 Holes of Oxygen UIM Chemical Properties File 147

5020 Vlashpoint UIM Chemical Properties rile 155

5030 Toxicity EXponent UIK Chemical Properties File 148

5032 Coeft A - Lethality UIM Chemical Properties File 149

5033 Coeff & - Lethality UIM Chemical Properties File I15

5034 Coeff A - injury UIX Chemical Properties File 151

5035 Coeff B - Injury UIN Chemical Properties File 152

5036 Irritation Threshold UIM Chemical Properties File 153

5037 Coefficient of Ingestion UIS Chemical Properties File 154

5038 Fraction of Population Sheltered User - Question #26 26

6001 Time Begin Loop I *User - Question #17 27

6002 Time gnd Loop 1 *User - Question #28 28

6003 Time Interval Loop 1 *User -Question 629 29

6004 Time Begin Loop 2 'User - Question 630 30

t005 Time MEd Loop 2 *User - Question 631 31

6006 Time Interval Loop 2 *User - Question #32 32

6007 Time Begin Loop 3 'User - Question #33 33

6001 Time End Loop 3 *User - Question 634 34

6009 Tim Interval Loop 3 *User - Question 635 35

6010 Latitude User - Question 620 20

6011 Longitude User - Question 621 21

*These inputs are also computed by the UZE and will be used if the user so chooses.
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3. UIM-Associated Files and Jobstreams

*, The UIM is accessed either directly or by recourse to a procedure file
named RUIM ("Run-UIX") which automatically selects the user-desired UIM
version, and then tests for the possible UIM file outputs to set up and
run a VM submission. Usage of RUIM is recommended for routine runs of the
%VN; it is not useful when display plot files are des4.ed (since the UIM
does not set KPLOT), when bypass or ppm table suppression runs are con-
templated, or when updates are to-be included in a VM run, unless modifi-
cations to the called jobstreams are also made. XTUI is presented as
Figure 2-3. Note that it is set up to call either of two jobstreams,
RUNUIM or RUNUIM2, and that it clears all files from the workspace after a
successful submission, thus allowing for multiple runs during a single
session.

RUIM initially calls UCLECT, a short procedure file which retrieves
from disk the version of the UIM corresponding to the user's input to a
YES or NO solicitation. At present, the UIM long version is not storable
as an object module due to its great length, so it must be compiled each
time it is used. A compilation plus execution of UIML generally requires
"about 12 SBTI's of system resources, which is $5.40 under current rates
(the short version generally requires 7.5 SBU's or $3.38).

RUIM eventually calls jobstream RUNUIM (if a secondary fires run is to
be performed) or RUNUIM2 (in the opposite case). RUIM, UCLECT, RUNUIM,
and RUNUIM2 are listed as Figures 2-3 through 2-6. The flowchart for the
UIM programs as they are embedded in RUIM is presented in Appendix B along
with a listing of the respective source codes.

D. DATA PREPARATION FOR UIM CHEMICAL PROPERTIES FILE

As previously mentioned, the major data block stored in the UIM is the
Chemical Properties file which holds 18 different properties for each
chemical, of which there are currently 27. These properties are those
needed for VN simulation but not retrievable from the VM Chemical Proper-
ties file.

Table 2-5 presents the data currently contained in the file for the 27

chemicals. These data were obtained through a literature search or con-
sultation with experts. As noted, some data were unavailable and default
values are being used until data can be developed.

The probit coefficients for toxic chemicals are a key part of the UIm
Chemical Properties file. Appendix C discusses the derivation of the pro-
bit coefficients for all of the toxic chemicals, including the checking
and correction of the coefficients for probits previously derived.
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00090 RFL#40OO0.
00100 GETUCLECT.
00101 LDC,9,UCLECT,,1,
00102 IF (FILE(UIMS,LC),E;Q,)GCTO,20ET,-
00103 LDCOUIML,,I, 9
"00104 GOTO,2JMP.
00105 20BT,LDC,09UIM$,,I, .

00120 2JMP, IF (FILE(VMINPUT,LO),EQO)EXIT,
00130 IF (FILE(GEONY4,LO))GOTO,1A,
00140 IF (FILE(GEONY6vLO)).GOT0,1B,
00150 IF (FILE(GEOLAI,LO))GOTO,1C,
00160 IF (FILE(.GEOLA2,LO))GOTO,1D
00170 IF (FILE(GEON01,LOl).GO101E.
00180 1ARENAMEGEOG=GEONY4,
00181 IF (FILE(SECNY4,LO)*EQO) GOTO,2SU8.
0018? RENAME,SFIRE=SLCNY4.
00190 GOTO,2SUP.
00200 1BRENAMEGEOG=GEONY6#
00210 GOTO,2SU8.
00220 1CRENAHEGEOGOGEOLA1°
00230 GOTO,2SU8.
00240 1D,RENAMEGEO0=GEOLA2*
00250 GOTO,2SU8,
00260 1ERENAMEGEOG=6EONOI.
00265 IF (FILE(SECFRELO)oEQoO)GOTO,2SUB.
00270 RENAMEtSFIRE=SECFRE.

.00280 GOTO,25UR.
00290 2SU8,IF (FILE(SFIRELO).EQ.O)IOTO,2U.
00300 GETRUNUIM*
00310 SUBMITRUNUIMSTxECZT,
00320 GOTOIENC.
00330 2UGETCHEAPVM.*
00340 SU8MITC9EAPVNSTzECZsT°
00350 1ENOCLEAR.

*Since renamed RUNUIM2

FIGURE 2-3. Procedure RUIN
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,9'06.11. 14.11.10.
PROGR8M P'JNUI M

'JOB
""ECFIVMqNT1,CM310000,0T100 ,P2.

REWI IND (OUTPUT)
RDUTE, OUTPUT ,UN=C TI D=LIN DC=PR ,DEF.
HERDING.XIPLS HOLD
HERD.ING.X U 3 C •3
HERDING.X1 VIIL. MOD.
HERD 1NG. X OUTPUT

COPYBR9,,TAPE15.
-OPYBR,, IECFRE.
"REtI I ND p .ECFRE.
"REIIND, TAPE 15.
-'F~I IF`ýT, VMTAPF, NT PF, NOR ING, CT=PUI I D=lI I:ZG, V N=.S.J828.
COPYB, VMTRPE, TAPE,2.
COPYF YVMTRPEs TAPE9.
COPYBF• VMTPE, TAPE 1 0.
""OPYBF, VMTAPEq TAPE 14.
""-OPYBF wVMTAPE, PHI BIN.
Cf1•YPF, VMTAPEPWHBTN.
REtIIND (VMTRPETRPE22PTRPE9, TAPElO TRPE 14,PH1BINPH2BIN.
RETURNo VMTSPE.'
MAP, OF.
"LDSET (PRESET=?ERO)
PHI BTN.
RIItITND (TAPýI PTAPFI .S TAPF 14)
PIBIN.

/PACk'

.'READ, GEOG
"FlRp
0'EAlDp SF I RE
/EOR

•:. ,'•E RD, VM INPUIT

-EOR

FIGURE 2-5.,* Program RUNUIN
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READY.
L I ST

79'06' 1 . 14. 08.46.
PROGRAM RLINUIM2

FASTVMs NT1, CM310000, T100, P2.
USER-
PROJECT, .MRI .
RF.W I ND (OUTPUT)
ROUTE, OUTPUT, UN=C, TID=UN DC=PR, YDEF.
-HFATNG.XIPLS HOLD
HER]ING.X 0 S C G
HEADING.XI VUL. MOD.
HFRIPNG.X OUTPUT
HERADINGo .
COPYBR, TAPEI5.
..RE'IT NP, TAPF 1 5.
REQUEST, VMTRPEtlT,PENORIMG, CT=PUP ID=USCG,VSN=O 1828.
COPYBF, VMTAPE, TRPE22.
COPYRF, VMTRPE, TSPE9.
COPYBF, VMTAPE, TAPE10.
CDPYBF, VMTAPE, TAPE14.
COPYBFt VMTAPE, PHIBIN.
COPYBFpVMTAPE, PH2B IN.
REWINDD '.VMTRPEs TRPE22,TRPE9,TAPEiO, TRPE14,PHIBINPH2BIN)
RETURN, VMTRPE.
MAP,PDFF.
LDSET (PRESET=ZERO1)
PHIP TN.
R.WIND (TAPE12, T9PE13, T9PE14)
O'HMB IN.
"-EOP

'RERD, VMINPUT

FIGURE 2-6. Program RUNUZM2
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B. US=R DOCUNBTA2'IO&

Instructions for using the UIK are provided in the UIM User's Opera-
tional Manual [61. This manual describes the function and structure- of
the UIM, presents basic operating instructions, gives examples of UIK
c• rating sessions, and describes and interprets the VU output.
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Chapter 3

VK GRaPHICAL DISPlAYS

A. ZMNTAODUCTON

To enhance the utility of the VII simulations, a series of graphical
displays have been developed which display on a CRT terminal or plotter
the extent of the personnel and structural damage associated with toxic,
flammable, or explosive chemical spills. By use of the graphical dis) ',aye,
the spatial a d-temporal characteristics of the hazards become more readily
comprebensible, and the analyst is provided with a more descriptive usury
of the progress of the hazardous event.

The set of display plots (frames) that have been developed for a par-
ticular spill simulation consists of:

* A family of curves showing the constant concentration contour
lines for the atmospherik tranaport of a hazardous vapor,
"based on lower ignitable limit or irritation threshold.

* Zones of expected fatalities, disaggregated by fractional
damage contours.

* Zones of expectad injuries, disaggrogated by fractional
damage contours.

* Zones of structural damage.

The contour lines are superimposed over a schematic map of the correspond-
ing cell (vulnerable resource) centers to further clarify the VI results.

Currently the plots can be displayed on Tektronix-type CRT terminals
(Models 4010 or 4012) or plotted on CAICGKP hard copy plotterm. Conhtruc-
tion of-the VII plotting package has been jnrfonewd in a modular fashion,
and the particular procedure files that inform the computer of terinAl
st*aa*u can be easily rearranged to accomodate different brands of CUT
terminals or hard copy plotters.

When using the interactivi% display programs, the user is granted
the option to alter some of the original scenario features* such as vwnd
direction and spill location, as a mans of analysing the same basic pweb-
lam parastrically vithout going to the expense of further VN runs.

All of the plotting data is generated by the VK, which has been wfi-
fited ad to which sven. new subrouties have been added. The generated
plotting data are stored on a disk file. ty plotting data are generated
for the following variables:

* irritation threshold vapor concentration- puff model
* irritation threshold vapor concentration- plum. model
e lower flamability limit vApor concentration- puff model
* lovr flammability limit vapor concentration- plume model
e lethality from toxicity, nutdoors- puff model
. lethality fErc toxicity, outdoors- pime model
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0 nonlethal toxic injury, outdoors-puff model
* nonlethal toxic injury, outdoors-plume model
* lethality from flash fire
* nonlethal injury from flash fire
e lethality from explosion peak overpressure
* nonlethal injury from overpressure
* structural damage

All data rre displayed on a display which shows the spill site and the
relevant cell centers. For the irritation threshold and the lower flam-
inability limit associated with the puff model (variables 1 and 3), x,y
contours are generated as a function of time (i.e., for a progression of
time steps) so the user can see how thn puff progresses with time. For
all the remaining variables, time-independent envelopes are generated which
show the regions affected. For all the lethality variables and for the
structural damage variable, each display consists of several envelopes
corresponding to several levels of lethality or damage presented as percent
deaths or percent buildings destroyed.

All the plotting data generated in the VM are stored in a direct-access
disk file which is saved under a system-given name. The user can retrieve
the data for plotting using this name.

Three programs for plotting have been written which are independent
of the VM. The program TOXDISP displays all vurves relevant to toxic
casualties; program FIRDISP displays all curves relevant to fire casual-
ties; program EXPDISP displays all curves relevant to explosion casual-
ties.

B. DERIVATIONS

The data generated are based upon tho equations derived in the previ-
ous VU reports [1-5]. These equations are:

* vapor dispersion equations (3-1) and (3-2) (ref. [I])
* explosion equations (4-4) to (4-6) (ref. [1])
* flash fire equation (4-15) (ref. (5])
* toxic dose equations (2-6) and (2-7) (ref. !5])
• probit equation (6-1) (ref. [1])

These equations are rearranged to express the dependent variable y in
terms of x as:

f (r) (3-1)

Note that the vapor dispersion coefficients are functions of x only. Tho
details of the derivations are presented in the following subseotions
entitled:

o Constant Vapor Concentration Contour
o Constant Toxi6 Casualty Contour, Outdoors
0 Thermal Dama(e from Flash Fire Model
* Damage from Explosion

3-2
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0 ln. constant vapor concentration Contour

(a) Puff Model

For the puff modelJ the vapor concentration at some point (zy,z)
at time t is given by:

2KN j(x- t) 2 2r3(-

13-2

"where%

C - vapor concentration (kg/m3 )

Q ,OGt.0z - dispersion coeffic.ients in x-,y-,Z-directions (m)

- mass of vapor liberated (kg)

U - wind speed (m/s)

xyz - Cartesian coordinates with the origin at the source of the
air dispersion vaterial, the wind it assumed to blow
toward the positive x-direotion, and the crosswind coordi-
nate is V.

When tAe vapor concentration C is equal to a given value CZ, then
equation (3-2) can be written as:

S+ 2 In [ -1 (3-3)
UXI 2 i (2n) 32A~qazoCr

In this problem, the CL will be either the lower flammability ligt for
fflammable gases or the lover threshold value for toxic gases. Equation
(3-3) gives the constant vapor concentration surface which is an e114-
sold with the center at (v aUt, g# O, a -O). When considering the ef-
fects at groun level, a-o and the contour become an ellipse which Lot

i .. 1)

a M--- .' -- '3-3
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(b) Plume Model

The plume vapor concentration is given by:

f C 2q z2• ( 3-5)
(21T ll20 2 )

where:

q - rate of vapor liberated (kg/s)

With a given concentration CL, equation (3-5) becomes:

2 2 2q
+ z 2 n (3-6)crII 2¶tUcOya0zC

Since ay and 02 are functions of x, the surface is like an elongated
ellipsoid. On the ground z -O, so we have:

2. Constant Toxic Casualty Contour, Outdoors

In the VH the damage to personnel from toxicity, burn, and explosion
is assessed by the probit equation which is defined as:

Pr - a +bt nv (3-8)

where v is the dosage, and the coefficients a and b are determined from
existing experimental data. The variable Pr is referred to as a probit
(probability unit). It is a Gaussian-distributed random variable with a

mean value of 5 and a variance of 1. The percent of the vulnerable re-
sources affected is the percent corresponding to the cumulative distri-
bution of Pr. For a given probit Pr, the dosage ist

exp (3-9)

The dosage v depends upon both the duration of exposure and the vapor
concentration, ThW general fotm is:

. dt (3-10)

where the exponont n is a real number.
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(a) Puff Modeli

The toxic dosage for the puff model is obtained by substituting
equation (3-2) into equation (3-10) and integrating over time. The
resulting equation is:

- (2 1r)3 XUYGZ) ~ (.) U
S.... 22'

[I+erf (i 3.)]exp [-(4 +. z)] (3-11)

where erf is the error function. For a given v and z =0, we have:

-- 2a = "�/ ( / )( [ (3-12)

The dispersion coefficients (ax,ay,qz) increase monotonically with x so
that at a certain distance the argument of the logarithm will be unity
or y will approach zero. So the contour is a closed curve. Five curves
corresponding to 1%, 25%, 50%, 75% and 99% casualties are calculated.
The probits corresponding to these percentages are 2.67, 4.33, 5.0, 5.67
and 8.09.

(b) Plume Model

The dose equation for the plume model is:

S' (3-13)

where te is the total evaporation time. In the same manner as in (a)
above, for z -0 we have:

S2 n L\ 2 ", (3-14)

Also, five curves of percent of casualties are calculated as in (a)
above.

3-5
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3. Thermal Damage from Flash Fire Model

The general dose equation for thermal damage is:,

v f iXn dt (3-15)

where I is the radiation intensity (J/m2-s) and nis a real number. The
flash fire model is divided into two phasest burning phase and cooling
phase. The burning phase starts from the ignition and stops when the
fuel is burned out. The cooling phase is the period when the hot vapor
cools down to ambient or near-ambient temperature. For personnel damage,
only radiation from the burning phase is considered [5].

The thermal dosage for flash fire in the burning phase is given by:

V . _L -r a f/r (3-16)

where:

S - flame velocity (m/s)

Tf- flame temperature (OK)

-rb fireball radius (m)

d - distance from the fire center (m)

a - absorptivity

- - emissivity

0 - Stefan-Boltzmann constant (J/m2-s-*K4)

The fireball radius is equal tot

. 311oTf 1,/3

rb PPOT) (3-7

wheret

No a vapor mass burned (kg)

Ppo - density of products at ambient temperature (kg/mr)

To - ambient temperature (OK)

3-6
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Equation (3-16) can also be written as:

d (T3-1 / aTX) /rbzl/e (3-18)

When the dosage v is given, the corresponding distance from the fire
center d is determined.

4. Damage from Explosion

Explosion casualty is caused by either the peak overpressure or the
impulse from the explosion! The dosage v in the probit equation is,
therefore, the overpressure P(N/m2) or the impulse I (N-s/m2 ).

The energy yield in a gas explosion is described by the following
equation:

V=(-AR) (Kcal) (3-19)

where:

AH = heat of combustion (Kcal/kg-mol)

Me - mass of exploding fuel (kg)

"X - molecular weight of the fuel

The damage assessment due to explosion is caculated from the scaling laws
which are stated as follows:

da (P/p o),/.
ds (tJ/Wo)1 /8 (T/Tg)1/8  (3-20a)

•". (PIIWo) "I/ (T/To)116

a (t/Wo)i/3 (T/2o0)1/ / (3-20b)

~ (Nwo)/S (/p0 Z/S(3-20c)
(T/T,)1/6

where;

ds - scaled distance from explosion center (m)

da - actual distance from explosion center (i)

P,T - pressure and temperature of the atmosphere in the actual
case (bar, OK)

*Only overpressure effects are currently being depicted in the graphical
" . displays for explosion damage.
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PoTO = pressure and temperature of the atmosphere in the case of

the reference explosion (P0  1 bar, To = 288.150K)

W' - effective energy yield of the actual explosion

W= energy yield of the reference explosion (1 kg of TNT yields
1.12 XlO calories; thus, Wo = 1.12 ) lO° calories)

ta - actual time (s)

ts = scaled time (s)

Ia = actual impulse (N-s/m2 )

Xs scaled impulse (N-s/m2)

These laws are simplified considerably if ..he actual explosion is
assumed to occur in the same atmosphere as the reference explosion.
Since ratios of absolute values for atmospheric pretsure and temperature
are raised to fractional powers, these factors are -lose to unity even
when the reference and actual atmospheres ar, not identical. By assuming
essentially identical atmospheres, one obtains:

da
ds O 1/1(3-21a)

t. t. (W,/Yo11/ (3-21b)

,a Is (VI/NO)1/S (3-21C)

For an explosion with a centeir on a rigid surface, the surface re-
flects completely all explosive energy impinging upon it. If the ground
can be considered as a rigid surface, then the effective energy yield
will be twice the explosive energy yield, or:

N' 2W (3-22)

The data for a reference spherirally symmetrical explosion are stored
in the computer. If the critical impulse for body injury is determined,
the critical diurtance for a certain explosive mass can be obtained from

7• equations (3-20a) or (3-21a) and the reference data. The procedure is
as follows:

1. Compute W &-: V' from.equations (3-19) and (3-22).
2. Cnmpute dose v for a given probit from equation (3-8) for

impulse.

3. Let IX -v and compute I, from equations (3-20o) or (3-21c).

3-8

• •'!

, 4. .



4. From the reference data, find the scaled distance d. corres-

ponding to the Ir.

5. Compute actual distance da which is the radius of the constant
W+ casualty curve.

C. MODIFICATION OF VN AND ADDITION OF NEW SUBROUTINES

The VM has been modified and several new subroutines have been added.
A control variable has been installed by which the user can direct the
program to generate the plotting data. The new subroutines are:

PLOTIN: Based on the physical properties of the vapor, this
subroutine calls various subroutines to generate the
plotting data.

PUFPLO= This subroutine generates the coordinates for the lower
threshold value curve or the lower flammability curve
for the puff model.

PLMPLO: This subroutine generates the coordinates for the lower
A +threshold value curve or the lower flammability curve

for the plume model.

FLASPL: This subroutine calculates the coordinates for the
constant lethality curve and nonlethal curve from a
flash fire burn. Five curves for each i-ase are
generated, corresponding to 1, 25, 50, 75 and 99
percent casualties.

TOXPLO: This subroutine calculates the coordinates of constant
casualty curves from toxic gas for both puff and pluie
models. Five curves for each case are generated, i.e.,
1, 25, 50, 75 and 99 percent casualties.

EXPPW:t This subroutine generates the coordinates of constant
casualty curves from explosion including peak over-
pressure, impulse, and flying fragments. It also
generates the constant damage curves for structures.

Each of the subroutines which produce the damage extent data bases for
eventual conversion to visual displays is keyed on a three- or five-tiered
probit analysis scheme, in which three (1%, 50% and 99%) or five (1%, 25%,
50%, 75% and 99%) curves corresponding to distance at which each percent
of damage is likely to occur are computed to form the curve family.

The data bases per curve family are coded using a general format which
enables subsequent reading of the data in a simple manner. The *write"
format is in the following ordert

3-9
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NPLOT,I,J,x ():, Yl() ,z

where:

NPLOT is an integer value (13) corresponding to a plot file
code for subsequent sorting and identification by the

3.-- display programs.

I is the number of the current set of data corresponding to
either a certain elapsed time or distance, incremented
by a constant amount

J is the number of the current set of data corresponding.to
I and to a particular probit level

X(J),YI(J) is the ordered set of coordinates computed to
correspond to I and J, converted to units of meters

Z is the alphanumeric name of the cell corresponding to I.

There are certain exceptions to the variable types written in this
format. The entire set of cells from the coordinate-transformed Geo-
graphical file is written onto the Output file (TAPE36) as X (J) and Yl (J),
with NPLOT.I, and J not used- instead, I is used as the increment index.
In PLOTIN, NPLOT=-199 and the values of the flanmability and toxicity flags
are stored in I auA J, respectively, with the values of the total mass of
gas (sum of data in field numbers 4001 and 4023) and exploded mass, if any,
stored in X and Yl. In VMEXEC, NPLOT=200 and the values of the wind speed
and either lower flammability limit (g/cm3 ) or irritation threshold (g/cm3)

are stored in X and Yl, respectively.

In subroutines FLASPL and EXPPLO, the number of the probit curve is
stored in 1, the number of the cell in which ignition occurs goes in J,
and the radius corresponding to I is placed in X, with Yl getting the
value of the percentage corresponding to I and Z left unwritten (as also
is the case in all other TAPE36 writing sectione, except for the one
transferring the values of the transformed cell coordinates).

PUPPLO sets NPWDT-2 for the puff irritation (toxic uubmodel) curve
family and NPLOT=3 for the puff lower flammability limit family.

PLMPLO sets NPLOT-4 for the plume irritation curve family and NPLOTW5
for the plume lower flammability limit family.

FLASPL sets UPLOT-6 for the curve family corresponding to flash fire
death (lethality) and NPOM-7 for the family corresponding to flash fire
first-degree burn (injury), regardless of whether the plume or puff model
is used.

TOXPLO sets NPLOT-10 for the toxic death curve family and NPLOT-11 for
the toxic injury family if the plume model is used, or NPLOT-12 for toxic
death curves and NPLOT-13 for toxic injury curves if the puff model is
used.

EXPPLO sets NPLOw17 for the death from overpressure curve family,
NPLOT-I8 for the injury from overpressure family, and NPL0T-19 for the
structural damage family, again regardless of dispersion model type.

3-10
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All of the subroutines which perform calculations for the plot file

- •data base contain zero-divide safeguard coding. The user is cautioned
that if errors occur in the execution'of earlier subroutines they will be
passed into the display subroutine sections (if a "fatal" error does not
prevent this) since no range checks on the incoming data are performed.

Besides the additional subroutines for the V14, four independet pro-
grams have been created for plotting.

DISFTNt This is a procedure file which controls the use of DISSPLA,
a plotting software package, under NOS. The procedure file
takes a source file, compiles it, links with the DISSILA
library, and executes it. DISFTN also retrieves a Tektronix
terminal status definition file, TEKANS (for Model 4010-4012
configurations only).

The following are the three source files:

TO0DISP: This program requests and reads the plotting data file
name and attaches the file to the user's workspace as
a secondary file. It next requests and reads a user-
supplied 20-character or less plot title, for identi-
fication purposes, to which it adds its own title. 't
also reads the ceil number of new spill location (if
any) and the new wind direction with the x-axis (if
any). Then the program reads the toxic data from the
attached file, rearranges the data if necessary, and
determines the scale of the graphs. It plots the lower
threshold value curves, constant lethality curves and
constant nonlethality curves (if any) for the puff or
plume model.

FIRDISP: This program is similar to TOXDISP except that it
plots the lower flamability limit curves, constant
lethality curves and nonlethality curves from the flash
fire or fireball model.

EXPDISPt This program is also similar to TOXDISP, but it will
not read the new wind direction because the explosion
effect in one of spherical symetry. It plots the
constant lethality and nonlethality casualty curves
from explosion and the constant structural damage
curves due to overpressure.

Appendix D contains a listing of the above programs and DISMTN.

Only one additional user input variable for the VI is needed and that
is the plotting control variable, iPLOTs

Field Default Unit Variable Coment
Number Value Name

4014 0 none KPWT. m0, no plotting data generatedi
=1.0, generates plotting data
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Execution of the VM with a request for plot file generation normally
results in an increase in system resources demand of approximately 75% to
100% beyond a non-plot file generation run using otherwise identical input
files. A successful execution of the former type.results in TAPE36, the
plot data base file, routed to the NOS disk file via station KEB immedi-
ately after PHASEl is executed, just prior to the loading of PHASE2.
TAPE36 is transmitted as a direct-access (ATTACH-type) file, since it will
normally be quite lengthy, and is renamed using the system-declared name
for the particular job (e.g., AVAKCSP), and must be called for under this
name, not as TAPE356. A scan of the dayfile attached to the run or of :the
current NOS disk catalog will produce the name of the routed file.

A special Cycle-15 VM jobstream named DISPVH has been written and
stored in the S7205 disk catalog for easy usage of the KEB routing facil-
ity. The jobstream is presented in Figure 3-1 and is submitted after
calling in the appropriate Geographical file to the workspace and renaming
it GEOG, as well as naming the Input file VMINPUT, using this command:

SUBMIT,DISPVM,ST-stationid,T.

D. USAGE OF THE DISPLAYS

UIM version alone (not file -RUIM) or by creating the input file manually.
The time-sharing user can submit the Job by entering the SUBMIT command.
The format is:

SUBMIT,Job file name,ST-id,T.

where id is a three-character site identifier that specifies what SCOPE
3.4 site should receive the transmitted file (for the Eastern CYBERNET
Center at Rockville, Maryland, the id is ECZ). After the job has entered
into the local batch queue, the system respondst

hhom,ssjobname

where hh,mm,ss, is the time that the job entered the batch queue (hours,
minutes, seconds). The Jobname will also be the name of the generated
plotting data file which is routed back to NOS. The user is advised to
write this name down for reference. The following is an example:

/SUBMIT,DISPVM,ST-ECZ,T.
l0.08.12.AVDOAYO

S~/

The first line is typed by the user and the second line is printed by the
terminal. DISPVM is the job file and AVDOAYO is the system-declared job-
name and also will be the name of the generated plotting data file, which
will appear in the NOS disk catalog as a direct access file.

In the Geographical file, the cells are identified by the ID numbers
which are usually the same as the census tract codes. When the VK reads
the file, it rearranges the cells into sequential numbers (1,2,3...) and
calculates the transformed coordinates (x and y) for each cell using the
spill location as origin. In the printout of the VM job, the user finds
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READY.
4 !LIST

S79/06/11. 17. 05.27.

PROGRAM DISPVM

r.IS'PLVMNTI1CM310O000T1O0,P3.
USER '
PROJECTiq* MRT*ECI,
REbIW rND (OUJTPLIT)
ROUTF OIUTPUT, LIN=C. TI D=UN DC=PR DEF.
MF•flTTf,.X1PL' HWILD
HERDING.X U S C 6
HEADIKG.X1 VUL. MOD.
HERDING.X OULITPLIT
"HEADINGs,1. PLOTFILE
"COPYBRi sTAPE15.
PF4I1 H v, TAPE 15.
PEOIUESTCHEMTAP•1T, PE11RIP.NGCT=PU, ID=U$C6tYSN=OST073.
COPY•F. CHEMTAP TAPE9.
CrPYBF fCHEMTAP TAPE 10.
0CPY.F , CHEMTRP "TAPE 14.
REWIND (CHEMTRP, TAPF9, TAPE10. TAPE 14)
PFTI IRN, IHFMTRP.
ATTACH.• YM USCGVULMrDLG •CY=15, ID=USCG.
COPYBF VM,% PH 1FIN.
COPYBFv VMP PH2RIr'.
"LDSET (PRESET=ZERO)
MAP% PART.
PHIP IN.
REId T ND (TAPF36)
ROUTE (TAPE36 DC=FL ST=KEb)
E'Ih IND (TRPE 12. TAPE 13, TAPE 14)

PH ,IN.
,FOR

erPACK.
/REARDPE3G
/EDR
'READY VMTNPUT
/EDP

•.,: .'ETIF

3 ;READY.

FIGURE 3-1

'R. Display Plot File Rout1iqg JobstreaMi DISPV-
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a table called Geographical Data which lists the sequential number, cell
ID, latitude, longitude, x-coordinate, and y-coordinate of each cell. The
reason we describe this process in detail is that in the display, the
cells' locations are represented by the centers and marked with the
sequential number. With the Geographical Data table and the census map,
the user can then find the area covered by the vapor clouds.

The following example illustrates the steps for producing display out-
put. In the example, it is assumed that: (1) the user wants to display
toxic casualties, so the program TOXDISP is usedl (2) the plotting data
file is AVDOAYO; (3) the user wants to change the spill location to cell
35, and (4) the user wants to change the wind direction to -15 degrees
from the old wind direction. In the example, the letter "U" (USER) means
that the user types in the data or answer, the letter "T" (TERMINAL) means
that the terminal prints the message, and (or) means to depress the return
"key.

1. Sign on the system

2. U: OLDTOXDISP (cr)
T: READY.

3. U: -DISFTN(FTOXDISP) (or)

4. T% WHAT IS THE PLOTTING FILE NAME:
U: AVDOAYO (or)

5. Tt ENTER THE PLOT TITLE (<21 CHARS.)--
U: CLX SPILL /RUN 25 (or)

6. Ts DO YOU WANT TO CHANGE THE SPILL LOCATION?
ANSWER 1 FOR YES, 0 FOR NO

U: 1 (or)

7. Ta WRITS THE CELL RUNBER NERE THE SPILL WILL OCCUR
U: 35 (or)

8. Ta DO YOU WJNT TO CHANGE THE WIND DIRECTION FROM THE ONE
WHICH YOU USED TO CALCULATE THE PLOTTING DATA?
ANSWER 1 FOR YES, 0 FOR NO

Us 1 (or)

9. T 'WRITE THE WIND DIPECTION IN DEGREESt COUNTURCOCEWZSE
IS POSITIVEM CLOCKWISE IS N•ATIVS

Lii -15.0 (or)

With these data entries, the computer starts to execute and display auto-
matically. A typical 3-framo run requires about 10-20 minutei of time at
300 BAUD (about 4-10 minutes at. 1200 BAUD) and generally 'cOsts* about
80 SBU's.

The user may obtain hard copies of the displays by (1) Polaroid pho-
tography of the finished frame on the CRT terminal (each frame generally
is held for about 20 seconds by the oPuter before erasure) or by
(2) saving the display program-created intermediate plotting data file,
named NPFILS, and processing it for a CALWM batch job to produce India-
ink-on-paper reproductions of the image fxam•s. For purpose (2)o a spe-
cial aulmission jobatream, CALPLOT, has been created and is described next.

3 -14
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If the user is satisfied with the plot frames, imnediately after the
system returns control of the CRT terminal to him, he should proceed to
reprocess the intermediate, temporary plotting file named NPFILE (for
"Neutral-Picture FIL") into a CAICOMP-compatible data file named PITM.
This is done using the fo.aowing commands:

U: NULL (or)
T: READY.

U: REWINDNPPILE (or)
T: READY.

U: CALL (UNIPROC, S-2POST (DEVI-ROCKVIL) (or)
T: (after a short delay)

1 UNIPOST V2.1 INPUT DIRECTIVES

U: $ (=r)

The computer will then take a few seconds to process the NPFILE and will
return with:

T: READY.

U: GET,CALPLOT (cr)
T: READY.

3U; SUBMIT, CALPLOT, STustationldT (o)
T: hhwu ssjobname

The listing of CALPWT and its associated information file, PLTIXNO,
is presented in Appendix B.

To piok up the CALCOIP plots, the user needs to have placed his phone
number and name in PLTIrN*O so that the local CDC cluster center can notifyhim whan they are ready for pickup (generally, allow one full day'.

Example CALWG(P riots are presented as Figures 3-2 through 3-21 on the
follovfing pages and il]lstrate the outputs from the various display pro-

S.. POW DIAGRAMS

Figures 3-22 through 3-30 (pp. 3-36 through 3-48) depict the revised
and appended flowcharts .illustating the changes made in incorporating the
display plot file producing code. Figure 3-30 shows the flowchart for
program TOXDTSP; saise FIRDISP and EXPO1$P are similarly configured, they
are not shown.
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"Chapter 4
GEOGRAPHICAL!DEMOGRAPHIC FILE GENERATION

FOR NEW YORK AND) LOS ANGELES HARBORS

A. INTRODUCTION

Under Task 3 of this study to prepare the Vulnerability Model (VM) for
operational use, two Geographical/Demographic files were generated for the
New York Harbor and one file was generated for the Los Angeles Harbor area.
Together with the previously created New Orleans file (GBONOl), there are
now four files of several hundred cells each which can be accessed through
the User Interface Module (UIM) or directly read into the VM.

The remainder of this chapter is devoted to descriptions of these files
and discussion of how they were created.

B. APPROACH

The Geographical/Demographic files were generated by selective
searches of census data contained within the U.S. Department of Commerce's
Master Enumeration District List (MEDList). The data were provided on
magnetic tapes arranged by census region, generally with two regions' data
files per reel of tape.

The MEDList tapes contain census data arranged by state, then by
county, then by census tract, and finally by enumeration district plus
block group (if any). Our searches concentrated on extracting appropriate
census ttacts plus enumeration districts for targeting as cells in the
Geographical/Demographic files. There is a great deal of other data avail-
able on these tapes concerning alternative code identifications for each
tract. We selected the housing counts and populatio.a counts, and the lati-
tude and longitude as well as the tract identification (tract number plus
enumeration district number) for the Geographical files; and added to each
line of extracted data an assumed ignition code of +3* (capable 6f igniting
any material with flashpoint less than 2000F) and an assumed dollar value
of $60,000 per structure per tract.

The latitudinal/longitudinal positions of each tract were used as keys
for selection or rejection in making the searches. The objective of each
search was to produce a file of 350 to 390 land area cells based on a pre-
sumed likely spill location, and then water area cells were added nearby
the putative spill location to complete the file. Since the water cells
are critical in establishing whether or not the program will even compute
the cause of a spill, a fairly wide expanse of water was used to locate
these cells so as to provide the VM user with flexibility in selecting

*Except for the water cells of the Los Angeles and two New York area files,
to which were assigned ignition codes of zero (no potential to ignite).
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spill locations. (The criterion used in the VM for going ahead with com-
putations is that -he selected spill location must be within 20 seconds of
latitude or longitude of a cell-20 seconds is about one-third of a mile
or about 0.53 kilometers.)

Each generated Geographical file was then given a systematically deter-
mined name and Ufld code. The names are based on the abbreviation of the
port city that was the basis for selecting the tract cells, prefixed by
the syllable GEO and suffixed by an identifying digit which corresponded
to the saquential order in which the file was made. The files generated
were:

0 GEOLAl
* GEONY4
* GEONY6

C. DESCRIPTIONS OF FILES

The GEOLAl file was produced for the Long Beach area of Los Angeles,
California. There are 361 land area cells and 6 water area cells, for a
total of 367 cells. The file covers an area 9 miles north, 2 miles west,
and 8 miles east of a putative spill site in the San Pedro Harbor, with
coordinates of 33*42134" N. and 118*16119" W. On land, it extends north-
ward to Lakewood, eastward to the Long Reach Airport, and westward to the
Torrance Municipal Airport. The resulting area of coverage resembles a
square. Figure 4-1 is a map of the Los Angeles area showing the boundaries
of this file. Figure 4-2 is a map of the harbor area showing the location
of the census tracts contained in the file. In general, each tract con-
tains several block groups which constitute the individual cells in the
file.

Figure 4-3 is a map of the New York Harbor area showing the location
of the two Geographical files created for that area. Figures 4-4 and 4-5
are large-scale maps showing the location of the census tracts that make
up the GEONY4 and GEONY6 files, respectively. Again, each census tract is
composed of several cells (block groups).

The GEONY4 file was produced for the Perth Amboy, New Jersey/New York
area. There are 358 land area cells and 6 water area cells, for a total
of 364 cells, in this file. The area of coverage is a cut square, of side
and length equal to 16 miles, centered about a hypothetical spill site
located at 4003040" N. and 74015135t W. On land, it extends northward to
an imaginary line connecting Plainfield and Linden, N.J., westward to
Edison, N.J., and southward to Browntown, N.J.1 the eastern boundary
varies-it is approxintately at Grasmere in New York and at the Middlesex-
Monmouth County lines in New Jersey.

The GEONY6 file was produced for the South Brooklyn-Coney Island/New
York area. There are 380 land area cells and 6 water area cells, for a
total of 386 cells, in this file. The area of coverage is a rectangle
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with long sides equal to 7 miles and short sides equal to 4 miles. Tl.•
southern base of the square has a midpoint at 40031124" N. and 740C0O00" W.
It extends northward to the center of Prospect Park, eastward .o ýrooklyn
College (CUNY), and westward to Owls Head Park. The southern tatminus is
at an imaginary line approximately 3 miles south of the Coney Island she
line.

A previously created file, GEONOl, exists for New Orleans, Loui.i• :%.
There are 252 land area cells and 84 water area* cells, for a tc4.i .:• 33b
cells, in this file. The reason for the great number of watei iwea cells
is the fact that the water body of interest, the Mississippi aiver, cross-
cuts the city; thus, this is a case where numerous watar cells axe needed
to provide the user with flexibility in selecting potential spill sites
for modeling (whereas in New York and Los Angeles, the geographical areas
primarily cover short strips of shoreline, for which only a few possible
spill sites exist). The area of coverage is approximately 9 miles square
and is bounded to the north by Lake Pontchartrain's southern shoreline, to
the east by Arabi, to the west by Metairie, and to the south by a line ex-
tending approximately parallel with the Mayonne Canal. A map of GEON01 is
presented as Figure 4-6.

Since the user of any of these files is bound to the criterion that
the selected spill site must be within 20 seconds of latitude or longitude
of any (water) cell, Table 4-1 presents the coordinates of the water cells
developed for those files.

Fox, linkage to the UIm, four-digit codes have been assigned to each
file. The codes were assigned on the basis of state numbers as they occur
in the MEDList tapes, the port city number associated with each state, and
the sequential number of the file belongiag to each port city. Tho table
of codes is displayed belovw

TARLN OP U IN CODES

Port City File Name UIm Code

Rew York GEONY4 3611
N4ew York GEONY6 3612
Now Orleans %=NO1 2211
Los Angeles GEOLAI 1611

*All of which have ignition codes of +3.



TABLE 4-1

Coordinates of Water Area Cells
Associated with Each Geographical File

V-a ilaLRTIIWB miTum runa c LATITUDR WI¶

-l-tG4 101 40030'30* 74*f1540° GBONOL R34 29*54 % 30. WO1 0*
P02 40030'15" 74*15'3S 135 s- 906 130,
103 40*29'00 74015,35, 136 2V5$4'4' j0*06',00

N04 40"2$'45" 74,15,50, 337 32954,40" 90105'40"
R,05 40029*20, 74* 1S30" P3-3 W64140' 9005S110,

106 402)1151 74fl5
t60 1A39 2555*00M *04'40

30 0"150 O00 40 W955O00" )O'Q4 ' *"98=Ili6 Rol 40"31'50" 74"00,00" *40 29*551•00 90004t'i)

R02 40*32'20* 374"00, 00,
10 4330 42 294W30' "003,40"R03 40*330' 7400 R43 29*5)S0 90*030V30,

'04 40%1'34" ?0 0 ". R 344 390$'610" W'03*20"
SO 0*40 z0*14S 29056120 9003 '30'R06 W4 10 ' 10 01 A46 2 '54 140 * 90 +03 '0'

amA 4"01 3W43125, 11O)11'00" R47 aS715OO 90'*O30"
- 33*43'15' 11e16'oO 1d 29*57,10 90*03430"

-• 33"44'00 11R01000 3 57120* 9*030
44 3*411W IN162 350 294$71400 90*31wO

1I6*16,15* 6 9S1
R 106 334400' 102,00 *152 2057'30" 9o'o02oo"

1s'ssNW 90'15110* t35 2957'30' 90*0O,00,

.. 49*50O, 0 0'•,5'0 159 0*157300 s.ox5
4 5"40" 94' '' ,54400* 9o1410"

" 05 a3sv•7 14' O* 2 54'40• • 0'40'0"--. "S OS "457,240M 90013,40* .43. 9,0

ROG 29'S4'40' 1043'10* 2)W)0a 90000.0
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D. PROBLEMS ENCOUNTERED

The tapes were searched on .. he basis of state and county codes as well
as latitude/longitude boundaries to produce the Geographical/Demographic
files. Although no major computer-related problems were encountered, there
were some intersystem incompatabilities that had to be dealt with.

In particular, the tapes were originally made on IBM equipment. Since
four of the five tapes contained two-region files, it was necessary to
"read" past tape-file markers placed on these tapes to serve as separators.
On IBM systems, a double tape mark is placed between files to act as the
separator; on CDC systems, only single marks are used in this case, and a
double mark signals "end of information" on a tape and cannot be read'
past by the software. Thus, in order to read the second file on each of
the IBM MEDList tapes, they had to be physically recopied as the first
(and only) file on separate blank tapes and then read into the CDC system.
Also, they had to be converted into CDC-readable record format using the
RCOPY utility.

The computer programs that extracted the sets of census tracts for
the Geographical/Demographic files were designed to sort through the master
tapes and then to reformat the data into VM-acceptable arrangements. In
particular, this involved picking out the relevant data from a format in

-Which they were represented as degrees and fractions of a degree into
integer degrees, minutes, seconds (DDDie4SS) format. The conversion pro-
gram, ICONM and a sample sort program for the New York area, CENSRCH, are
presented as Figures 4-7 and 4-8.

H. USAGE OF THE FILES

These files are accessible eithor by referenaing their names in a VI4
sabmissLon jobstream or by referencing th,)ir four-digit codes in a U1M-
asSist5d VM run.

The V8 will read in a aelected file as it etands, ýaquentially assign
cell numbors to each cell-tract TD, and then comaute the relative distance
in au x-y Cartesian plane from thN selected spill cite. These data that
are printed are in the Geographical Data seetion of the VH results print-
out. It is important for the user to keep in mind that all subsequent
cell number references are to the VM-assignod sequential cell numbers and
not to the cell 10's that appear on the Geographical file maps. To track
kack a cell, the user must refer back to the aforementioned Geographical
Data Table to get the correspondences.

Briefly, to use these files in a VM simulation through execution of
the UX4, the user preparen a data file as he/she normally would through
the UIM, using the Geographical file maps to produce the appropriate code
and to aid in selection of a reasonable spill site. The latitude and
longitude "20-second" criterion must be kept in mind in choosing a spill
site. After a successful Vi run, the user then refers to the Geographical

! 4-Il
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PROGRAM ICON (INPUT,0UTPUT,TAPE18,TTAPE30)

INTEGER C,B,D,DEG

DIMENSION M(27),DEG(2),IDEG(2),IMIN(2)1,ISEC(2)

10 READ (30,50) C,B,DEG(i),DEG(2),D,II,J,K,(M(L) ,L=1,27)

IF (EOF(30) 40,30

30 DO 35 1-1,2

"IDEG(I) DEG(1)/10000

IMIN (I) - (DEG (I)/10000-DEG (I)) *60

ISEC(l) = ((DEG(I)/10000-IDEG(I) )*60-IMIN(I) )*60

35 CONTINUE

WRITE (18,60) CB,IDEG(1),IMIN(1),ISEC(1),IDEG(2),IMIN(2),

-ISEC (2) ,DII,J,K, (M(L) ,IL1,27)

GO TO 10

40 STOP

50 FORMAT (A4,1XA3,218,4X,16,6X,A3,X5,AS,27A1)

60 FORMAT (A4,".',A3,2(14,212),4X,16,6XA3,15,A5,27Al)

FIGURE 4-7

ICON, Program To Convert Latitude and Longitude Formats
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PROGRAM CENSRCH (INPUT,OUTPUT,TAPE6=OUTPUT,TAPE10=/132,TAPE15)

INTEGER POP,HOUSE,FIFTY,AVAL,AZBZ

"DIMENSION AZ(26) ,A(11)

DATA AZ/26* lHO/, BZ/lHl/,AVAL/5H00600/

DATA FIFTY/3H050/

REWIND lo

CALL PFSUB(6HDEFINE,6HTAPEI5,6HTAPE15,0,0,0,0,UCW,ES,ERROR)

"10 READ (10,50) (A(J),J1,11),UHOUSE,POP,LONG,LAT

IF (EOF(10)) 40,15

15 IF (IABS(LAT-405236).LE.1159)GOTO 20

GO TO 10

20 IF (IABS(LONG-740000).LE.0697)GOTO 30

GO TO 10

30 C-A(7)

B-A (8)

WRITE (15,60) C,BLAT,OING,POP,FIFTY,HOUSE.AVAL, (AZ(K) ,K-l,26) ,BZ

GO TO 10

40 CONTINUE

WRITE (6,70) 1

70 FORMAT (l0X,'I-",13,0CrLLS IN THIS FILE.u)

60 FORMAT (2A4,218,4X,16,6X,A3,15,A5,26AI,Al)

50 FORMAT (2A2,A3,A7T7X,AS,4X,A4,42X,A4,A3,2A4,A2,I7,18,2110)

STOP

END

/EOR

FIGURE 4-8

CENSRCH, Program To Sort Through
the New York/NHo Jersey Census File

4-13
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Data Table in the printout to make the conversion between the cell numbers
identified in the simulation to be affected (or not affected) by the spill
of hazardous cargo and the cell ID's (tract codes) listed on the appropri-
ate map. Not all of the cells listed in the Geographical files will be
found on any one map, because some are resolved down to enumeration dis-
tricts and block groups that are too small in one area to be noted on the
mapsl in this case, the user must refer to the integer part of the ID to
locate the area of concern.
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Chapter 5

SPILL SIMULATIONS

A. OBJECTIVES

Using the UIM/VM system, spill simulations were performed for a number
of chemical cargoes selected by the USCG. The objectives of the simula-
tions were threefold:

* To test and check out the utility and effectiveness of the
UIM using untrained operating personnel.

* To validate the UIMiVM system for specific chemicals of
interest to the USCG.

a To determine the relative hazard ranking of the chemicals
selected for simulation.

B. APPROACH

Initially, 27 chemicals were selected as candidates for simulation.
The selection was based on their hazard potential as estimated by their
chemical properties (chiefly toxicity or flamability) and their shipment
characteristics. The various properties of these chemicals needed for the
UIH, including the probit coefficients for the toxic chemicals, were de-
veloped and inserted in the UIM as discussed in Clhapter 2. Then from this
list of 27 candidate chemicals, USCG personnel selected 15 chemicals for
spill simulation.

Since one of the objectives of the spill simulation. was to perform a
hazard rjanking of the chemicals based on the VM results, canonical spill
scenarios were devised which all 15 chemicals could be subjected to.
Three standard scenarios were developed, and simulations were run for all
15 chemicals for each of the scenarios.

The simulations were run using the UM1 ando for two of the three sce-
narios, the simulations were performed by personnel with no prior computer
experience. These simulations provided proof testing of the utility of
the UIN operational manual as well as that of the UIN itself.

The results of the simulations were analyaed in three ways. Pirvt,
they were examined from the standpoint of tv1 effectiveness and utility,
with particular attention given to the cod, x •ecommendations of the
novice users. Sased on recendations produced oy this analysli, appro-
priate modifications were made to the UIX to improve its ea8 of use and
value. Secondly. the simulation results were examined from the standpoint
of compatibility of the UIN with the VN anL validity of the VM results.
Any inconsistencies or'errors found in the VI program as a result of this
analysis were corrected and the affected simulations wore rerun. Lastly,

5-1



the simulation results were analyzed for. the purpose of ranking the 15
chemicals according to their casualty-producing potential. Based on a
careful scrutiny of the results for all three scenarios, a hazard ranking
of the chemicals was produced.

C. CHEMICALS SELECTED FOR SIMULATION

Table 5-1 presents the hazard properties of the chemicals selected as
candidates for spill simulation. The table gives the type of hazard (flam-
mable or toxic), the lower flammable limit or threshold limit value,* the
fire hazard rating given by SaX,** and the toxic hazard rating given by
USCG-388 .***

Fifteen chemicals were selected for spill simulation from the list of
candidate chemicals. The selection was made by USCG personnel based on
their interest in particular chemical cargoes. Table 5-2 lists the 15
chemicals and enumerates for each the type of hazard to be simulated and
the cargo characteristics, including tank capacity. cargo tenmeature, and
cargo pressure. The tank capacity represents the maximum size of a single
tank that is customarily used for that chemical in U.S. marine transporta-
tion.

D. SCENMARIO CMACTERrSTICS

The spill locations and the wind directions specified for the three
canonical spill scenarios at Perth Aboy, Coney Zsland, and Los Angeles
are depicted in Figures 5-1, 5-3, and 5-3# respectively. Also noted are
the assumed water and air temperatures.

The spill for each scenario was assumed to be caused by a 2-meter-
diameter rupture in the cargo tank just above the waterline. The rupture
characteristics and tank position with respect to the waterline are de-
picted in Figure 5-4. The actual amount spilled was computed by the YX
(Model A) and was dependent on the sixe of the tank which was, in general,
different for each chemical. since tanks were assumed to be situated for
the moat part above the waterline, almost the entire content of each tank
was spilled and the computed amount turned out to be roughly 98% of the
tank capacity.

*In parts per million as adopted by the American Conference of Govern-
sent Industrial Hygienists.

"**Sax, H. Irving, Dangerous Properties of Industrial Pautz,* f1*, Sth edit.,
Van No•trand Reinhold Company, 1979.

"***U.S. Coast Guard, USCG-388, Che"ical DiA Guide for sulk Ship"ne by
Mater.
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TABLE 5-1
Hazard Parameters of Chemicals Considered for Spill Simulation

TYPR ItTHRESHLD KRI RATINGCHMICAL NAME CODE • LAIMUAL LIMIT
HA . LIMIT UE(0) Wpm,) • x o

Acetaldehyde AAD PIT 4.0 200 Dangerous Sae hazard
Aarolein ML FT 2.* 0.1 Dangerous Severe hazard
Acrylonitrile ACM 1,T 3.0 20 Dangerous Moderate hazard
Ammonia (anhydrous) AMA P.T 16 25 SmoSe hazard

Butane NUT r 1.5 3700 Very dang~erous Negligible
butylene D"I PIT 1.6 -- Very dangerouv Negligible
Carbon Tetrachloride CRT T VA 10 Nonflam.bl. Severe hazard

Chlorine CLX T MA I Nonflamable severe hazard
otaetbylauwne DNA P.T 2.8 10 Very dangerous Bome hazard
Ethyl Ether EST IT, 1.69 400 Very dangerou8 Some hazard
Hydrogen Chloride MDC T MA 5 Nontlammble Moderate havard
Hydrogen Cyanide MCM .T 5.6 10 Very dangerous Savere hazard
Hydrogen Fluoride Nx T VA 3 Nonflammable Severe hazard
Hydrogea sultide as8 F 4 10 Very dangerou• • Sme hatecd
Liquefied Natural Gas iNG r 5.3 -- Dangerous Negligible

Liquefied PetroleOU Gee LPG P 2.2 1000 Moderate Negligible
Methyl aromide P, ,T 10 4 Moderate Severe hazard

"Methyl Chloride ATC Pat 6.i 100 Highly dangerous Some hazard
Octane OAM F 1.0 300 Dangerous Ngliq ble
Pent&e PTA F 1.4 so0 Highly dangeros Negligible
PFhoagee V4 V MA 0.1 Nonflammable Severe hazard
Ptopane POP 2.2 1000 Mighly daneviqoe s Lgligible
Fr-pylsn POP V 2.0 400 Highly dangerous xiial hazard
Propylene Onide POX FIT 3.1 100 Highly dangerwos Sme hazard

Sulfur Diozida No0 T MA 5 Wootlasabl* severe haznard
TOluene TOL T.? 1.27 100 slight #am hazard
Vinyl Chloride Val FIT 3.6 1 DnIgerous same hvard

S-3
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TABLE 5-2

Chemical Cargoes Selected for Spill Simulation

CHMICAL NME cOWE CAPACITY HZIGHT PRESSUo !ZMmpEMYR HAZARD&
_ . ... _ _W() (m) (atm) (00)

Acetaldehyde LAD 3.000 15 1 (C) Ambient ]

Aagylonit.il] ACM 3,000 15 1 (C) Ambient T

Ammonia (Anhydrous) AM 10.000 30 1 sV) -33 T

Chlorine CLX 112 7 1 IV) 33

Dimothylanine DNA 3, 0 0 0d is 2.5 (C) Ambient 7

Ethyl ether AST 3. 0 0 0d Is 1 (C) ambient 7

LUG LNG 25.000 22 ( V) -161

11G LPG 10,000 20 1 (V) -40 r

Nethyl broside NTO 3,000 is 1 (C) 4

Mothyl chlo•i4e "TC 3,000d 1? 1 MV) -24 F

Octane 0A" 4.000 17 1 IC) *bieat F

entanse IPTA 4,000 1? 1 4C) AMbeat V

tropylae oxide POX 3,000 15 1 (C) Akmoet UP,

Tooluene 101 4.000 17 1 (C) AmbieAt T

Vinyl chloride 6. 6,000 17 1 MV) -14 7

Q(C) a •losed tank, (V) a vented t&e
-Amiient a a" temperature

r 0 flesh tire) T oxic
S4Double twk capacity (6,000 all) was *1e simulated for hea. tb We ieaseit.
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II

"h = height of tank
d - diameter of rupture
b - height of rupture above bottom of tank
c - height of center line above water surface

•I, For simulation scenarios:

d *2 meters• i•- ib. 0
c - 1 meter

PIGURE 5-4. Rupture Characteristics
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From the standpoint of hazard rankinq, the use of spill sizes which
are dependent on the maximum tank capacilies for the chemicals is consid-
ered to be a valid analytical technique even though _t reaults in differ-
ent spill sizes for the different chemicals. The magnitude of the 'hazard
is to a large extent dependent upon the amount spill-3d, which in turn is
dependent on the size of the tank. Thus, the size rof the tank shauld play
a part in the ranking of the hazards, whi-Th it does in the method of anal-
ysis used here.

R. CHECKOUT OF UIM/IV SYSTEM AND SPILL SIMULATION PRODUCTION

1. Initial System Test

"To check out the UIM/VM system, spill simulations were run first for
the Perth Amboy scenario for all 15 chemicals. VM results were carefully
examined for errors and inconsistencies,. This exercise yielded several
logic errors that needed to be corrected.* Also, several cosmetic improve-
ments were made to the VM output tObles to enhance their ease of use.
Once these modifications were made, the spill simulations were run for all
three scenarios (including a reran of the simulations for Perth Amboy).

2. Production Ruzýa

The production runs of the spill simulations were performed for the
moat part by non-computer-oriented personnel. Two methods were used to
train the operator.; For the operators who had some prior knowledge of
the VM (but no complter experience), training was provided in a short ori-
entation session of about one-half hour in duration. Thjn, during their
first UIM session an experienced operator stood by to assist the novice
operators ,hen necessary. After the UIM initial session, the novice was
generally on his own.

The second type of training was attempted for those personnel who were
totally unfamtiliar with the VM. These persons were asked to study the UIM
manual for sovarl hours. Then the trainee was given a spill scenario to
run and, a* before, the experienced operator was available to assist the
novice during his firkjt Ul14 session.

JBoth metbod. of training the novice operators were found to be effec-
tive. After the first sesaion, the first-time users could set up and run
VM simulations ompletely on their own. The only assistance needed was
for unusual computer system problems or for interpreting the Vi output.

3. vN 'NodifPcations

As previously discussed, the initial checkout simulations at Perth
Amboy identified several VM program errors and inefficiencies. Likewise,
the production runs resulted in sevaral recommendations for simplifying and
clarifying the VM o,%tpyt tables. The modifications made to the VM program
as a result of these Cindings are described below.
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The timf-4romented radiation flux tables, which have no utility
since the revi.Lou of the flash fire model; were removed from the VM out-
put.

An unused variable, field ID 4012, was reactivated as a flag to sup-
press printout of the ppm concentrations table, since this could be redun-
dant in light of the fact that a concentrations table in units of kg/mr is
also printed. If the new variable PPMSUP is set to 1, the table is not
printed; if set to any other value or not set at all, the table is printed.
The kg/m3 concentrations table is printed regardless of the value of PPUSUP.

In subroutine DOSAGE, the time-concentration product computation rou-
tine for toxic chemicals, it was discovered that the interior dosage was
being incorrectly computed due to a units error; this has been rectified.
Also, a mistyping of the air temperature variable, AIRTEK, leading to a
misassignment of zero for this variable in this subroutine has been cor-
rected. Further, if a toxic spill run is requested, the Ignition Output
Table will no longer be printed. This has been implemented since in the
case of a toxic spill, very few of the entries in this table are appli-,
cable, and those that are applicable are of minor importance to the ana-
lyst.

In the flash fire subroutine, FLEIRM, it was discovered that the form-
ula used for computing fireball size was incorrect, and has been amended
to reflect thQ change. In particular, the density of the fuel vapor is
now being used rather than that of the combustion products. Also in this
subroutine, due to an earlier W4 change, the value of the secondary fires
flag, NSF, was being incorrectly assigned and was causing a fatal FORTPAW
error to ocuu: in VMECEC when no request for secondary fires analysis
(3004-0) end ignition occurred. This has been corrected both here and in
main routine V!4EXEC.

In MODZ, the values for tigma-y and sigma-z at time of ignition were
not being printed when the plume submodel was in effect. This led to mis-
leading default values of zero being printed in the Ignition Output Table
for these variables. This has been reprogramued to be consistent with the
puff submodel printout format.

In subroutine PATH, a logic error was causing execution of Model F,
which determines the amount of time needed to dissolve a water-soluble
chemical, to be execAted for certain immiscible liquids. This was cor-
reoted by delfting the setting of the model number corresponding to F to
a non-Aero number (5) if such chemicals were being considered.

In the spillage rate determination section of the VM, certain combina-
tions of tank geometry and insulative type were causing floating point
overflows in subroutine RLMTC. This only occurred if adiabatic tank con-
ditions (2006-1) were specified, and has been corrected by including im-
pending overflow-sensing lines of code to protect against this condition
by flagging for termination of the particular loop sequence wbers this may.
occur, and continuance of normal flow.
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In Phase II, the blast damage tables were often printed out with many
subtables showing no apparent damage for acme cells, The threshold level
for the snleotion of blast damage printout or nonprintout has been reset,
and very few "nero subtables" are now being observed, thus reducing a po-
tential source of confusion.

Finally, for test purposes, it is now possible to bypass the PATH sub-
routine and the escape-, spreading-, and evaporation-rate determining sub-
.routines entirely, and to go directly to -MOC by setting reactivated field
ID 4013, BYP, to 1 in the input file (default is zero). This forces the
VM to use the user's input file values for total mass liberated (TXV, 4023)
in lieu of the calculated values; and in the case of the plume (continuous
spill) suibodel, the minimum of e.tther time to effect complete evaporation
(TEPIAP, 4016) or the value of the first time in the first-specified time
sequence* (TLAST, 5050, which is derived from field ID's 6001, 6004. or
6007) for determining the value of QB, the source strength item. There-
fore, when using this option foz a plume simulation (5010-1), the user must
specify a value for field ID's 4023, 4016 and either 6001, 6004 Or 6007, or
else execution-time errors will occur.

*When specifying the timp sequence #nrw a toxic ohemirnal, atime progression
should not be used since the VII will select tha first time specified In
tYke progression# perfoxv a conputatie-i set. based on it, and then will di.
recitly proceed to Phase ZIG. ignoring any rmaining time increments.

•5--
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F. SZHUrAATION RESULTS

The principal results of the spill simulations for the 15 chemicals at
Perth Amboy, Coney Island, and Los Angeles are presented in Table 5-3.
Given are the number of deaths, injuries and, in the case of flammable
chemical spills, the number of buildings destroyed. The figures for deaths
and injuries are the total casualties for both outdoors and indoors per-
sonnel. The parenthetical values show the portion of the total occurring
indoors. For some of the toxic chemicals,' injury probits have not been
developed (for lack of data) and, thus, injuries were not computed. Com-
ments are given in the last column of Table 5-3 regarding the naturo of
the cloud simulated (puff or plume) and the solubility and volatility of
the chemical. These comments are useful in explaining and interpreting
the results.

For ethyl ether a spill from two tanks was simulated (i.e., 6,000 m
rather than 3,000 ma). A spill from a single tank resulted in zero casu-
alties for ether, but an examination of the results disclosed that the
vapor concentrations at the closest cells were very close to the lower
flammable limits. Consequently, a double size spill was simulated to pro-
vide a means of differentiating between this marginally hazardous chemical
"and the other zero ca•,ualty chemicals which produced downwind concentra-
tions far below hazardous levels.

Acetaldehyde, acrylonitrile, dimethylamine, and propylene oxide pro-
duced no damage due to their high solubility. As evident from the follow-
ing table, only a very small percentage of the spilled material vaporized
and the rest went into solution. Due to the small amount of vapor, the
highest concentration at the nearest cell was orders of magnitude below
the lower flammable limit, as noted for acetaldehyde and propylene oxide.

Concentration LowerMass Maized at Flammable
Chemical Vaporized Mass Spilled Nearest Cell Limit

(kg) M, (kg/rn') (kg/n 3)

Acetaldehyde 1,890 0.008 8.2 x 106 7.6 x 10"2

Acrylonitrile 240 0.010 Not recorded Non-
in VH output flammable

Dimethylamine 401 0.002 -

Propylene Oxide 1,300 0.005 5.0 X 10-6 5.0 X 10-2
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The only other chemical that resulted in no damage for all three soe-
narios was octane. This was due to ifts relatively low volatility. The data
below compares the source strength of octane 'to the other flammable chemi-
cals which formed a plume of sufficient concentration to ignite at Perth
Amboy. The source strength of octane is much less than that of the four.
chemicals which ignited. Note that the time of evaporation for octane is
roughly an order of magnitude greater than the others.

Time Plume Result
Chemical of Source at

Evaporation Strength Perth Amboy
(min) (kg/sec)

Ethyl Ether 33 485 Ignition

Methyl Chloride .27 215 Ignition

Octane 200 52 No ignition

Pentane 25 426 Ignition

Vinyl Chloride 18 942 Ignition

The maximum vapor concentration of octane at the closest cell at Perth
Amboy was 3.5 x 10-3 kg/mS and the lower flammable limit is 4.9 X 10"2,
thus no ignition occurred.

Six chemicals produced casualties at Perth Amboy, but not at the other
two spill sites. These were the four flammable chemicals that ignited in
the above table plus the two toxic chemicals, toluene and ammonia. All six
of these chemicals exhibited evaporation times more appropriate to plume
formation than puff. Absence of casualties at Coney Island and Los Angeles
was due to the greater distances between spill site and nearest downwind
cell and to the less stable atmospheric conditions that existed at these
sites compared to Perth Amboy. The nearest cell distances at. Coney Island
and Los Angeles were 5.4 km and 1 kin, respootively# ccmpared to 0.4 ko at
Perth Amboy. Thus, because of the near-in spill site and the very stable
air assumed at Perth Amboy, the concentrations in the plumes were suffi-
ciently high to cause damage at the near-in cells. But at Coney Zsland
and Los Angeles, the lowering of the stability and the increase in dis-
tance were sufficient to reduce the plume concentrations to below hasard-
ous levels. Thus, the six chemicals can be consi4ered to be marginally
hazardouss that is, hazardous only under a fairly narrow set of conditions.
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Four chemicals resulted in casualties at all three spill sites. These
were chlorine, LNG, LPG, and methyl bromide. All four of these chemicals
were both highly volatile and immiscible, and the evaporation times were
sufficiently low to cause the vapor cloud to exhibit puff-like behavior
with concomitant high concentrations. The table below shows the evapora-
tion times computed by the VM4 for each of the four chemicals.

Evaporation Boiling
Chemical Time Point

(min) (OF)

Chlorine 0.3 -29

LNG 4.1 -258

LPG 6.5 -40

Methyl Bromide 0.6 +40

chlorine's evaporation time was shorter than the others, due principally
to the relatively small size of spill. Because liquid methyl bromide is
heavier than seawater, the VM selected a different vapor formation model
for meth1'l bromide than for the others& the sinking and boiling model
rather than the floating cryogen model. The sinking and boiling model
simulated very rapid evaporation, presumably enhanced by boiling turbu-
lence and the concomitant rapid heat transfer.

Because of the rapid cloud formation, the vapor concentrations of
chlorine, LNG, LPG, and methyl bromide were sufficiently high to remain
hazardous for long distances under class D stabilities. For chlorine, LNG
and LPG, the casualties were greater at Coney Island than at Perth Amboy
or Los Angeles because of two effects:

* higher population density

e larger vapor cloud area due to lower stability and greater
distance to vulnerable resources.

The amounts 'spilled and the hazard properties of these three chemicals
were sufficient to cause the chemicals to remain extremely hazardous even
with the dilution resulting from larger distances and lowering stabili-
ties.

In the case of methyl bromide, the dilution due to greater distance
and less stability was sufficient to 'greatly reduce the casualties at
Coney Island and LUo Angeles, relative to the casualties at Perth Amboy.

For LNG and LPG spills, the vapor clouds were ignited by the geo-
graphic cells' first encountered, when most of the cloud was over the
water and only a mall portion intersected the land. This had the effect
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of minimizing the casualties, especially at Los Angeles where the geo-
graphical cells that bordered the harbor were not heavily populated. The
reason the LNG spill resulted in less fatalities than the LPG spill at Los
Angeles was due to the greater penetration of the smaller LPG vapor cloud
before ignition. This is purely a chance result having little bearing on
relative hazard potential of the two chemicals.

G . HAZARD RANKING

The results of the simulations have been analyzed for the purpose of
ranking the chemicals according to their relative hazard potential. The
principal measure of hazard potential used in the analysis is the number
of fatalities, since it is the most consistent and accurate measure pro-
duced by the VM. Some consideration is given to number of injuries and
buildings destroyed; however, injuries are not computed for some toxic
chemicals (insufficient medical data for estimating injuries) and struc-
tural damage of course is not computed for toxic chemicals. Thus, inju-
ries and structural damage are useful only for ranking between chemicals
for which the calculations were made.

A second hazard factor used in the hazard ranking is. specific lethal-
ity. Specific lethality is defined as the deaths per cubic meter of
material spilled. This hazard measure normalizes the effects of all chem-
icals for a given quantity of chemical spilled and provides a measure of
the relative hazards of the chemicals for the same size of spill.

Table 5-4 is a tabulation of the hazard factors (total deaths and spe-
cific lethality) derived from the VM simulations for the 15 chemicals and
the three scenarios. The chemicils are grouped according to solubility
and volatility. The most hazardous category is presented at the top of
the list (insoluble and highly volatile) and the least hazardous at the
bottom (soluble, low volatility).

Based on an examination of the hazard factors, the 15 chemicals are
grouped into four hazard categories and ranked according to hazard poten-
tial. This categorization and ranking is presented in Table 5-5. Chlo-
rine is by far the most hazardous chemical. It not only produced the most
casualties at all three spill sites but accomplished this with a relatively
small spill, thereby exhibiting a very large specific lethality compared
to the other chemicals.

LNG, LPG, and methyl bromide were ranked in the next most hazardous
category. They produced significant casualties for all three spill sce-
narios. Although LNG generally produced more casualties and structural
damage than LPG, it did it with a much larger spill (25,000 vs. 10,000 in).
At Perth Amboy the specific lethalities were approximately equal for LNG
and LPG, and at Coney Island and Los Angeles the specific lethality for
LPG was greater than that for LNG. Because each is ranked higher than the
other for one of the two hazard factors, it was felt that a differentia-
tion between the hazard potential of the two chemicals could not be made
and they were ranked equally.
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Methyl bromide was also given the same ranking as LNG and LPG. It
produced appreciably more casualties at Perth Amboy than did 1MG or LPG,
but the reverse was true for Coney Island. Although the specific lethal-
ity was about four times greater for methyl bromide at Perth Amboy than
that of LNG and LPG, it was comparable at the other two sites. Consider-
ing the fact that LNG and LPG hazards were not maximized,* the larger spe-
cific lethality for methyl bromide was not considered significant and
methyl bromide was given the same hazard potential ranking as LNG and LPG.

All of the chemicals that resulted in casualties only at Perth Amboy
were placed in the next hazard category. Of these, ammonia was clearly
the most hazardous due both to the large number of casualties and to the
larger specific lethality. Vinyl chloride and pentane, with approximately
the same specific lethality and comparable total deaths, were ranked next.
Then followed methyl choride and toluene, whose hazard factors were quite
comparable. The last of the chemicals ranked as "hazardous* was ether
which did not produce any casualties for a single tank spill, bur did for
a double tank.

The five chemicals that did not cause casualties for any of the sce-
narios were ranked as relatively nohazardous. Since the Perth Amboy sce-
nario was a rather extreme scenario in terms of population proximity and
atmospheric stability, the lack of casualties at Perth Amboy indicates
that these chemicals will probably nor result in acute damage under most
large-spill conditions.

In sum, the 15 chemicals were ranked in four major hazard categories
and in seven subcategories. The only chemicals that were ranked in the
most hazardous or very hazardous categories were insoluble, highly vola-
tile chemicals. The only sol~ble chemical to be ranked as hazardous was
aemmonia, for which a large spill was simulated. All other hazardous
chemical3 were insoluble and moderately to highly volatile. All the rela-
tively nonhazardous chemicals were either insoluble or involatile.

A final coment is made regardiug the hazards of toxic versus flam-
sable chemicals. The toxic chemicals in general ixhibited the greatest
hazard potential (for the insoluble, highly volatile chemicals). The
reason for this is that the toxic puff or plume made a long swath through
the populated area and many people within this area became fatalities. In
the case of the flammable chemicals, only those exposed people in the vi-
cinity of the vapor cloud at the time of ignition becae catualties. When
ignition occurred, it occurred #can after the vapor cloud reached the
shre, .and in general only a portion of the cloud was over land at the
time. The casualties for LNG and LPG might have been appreciably greater
if ignition had been delayed until the vapor cloud covered a more popu-
lated regiono especially for the Los Angeles simulations where the cells
near the shore were relatively unpopulatod. However, the one-shot casu-
alty-producing characteristics of the fliammable vapor cloud veraus the

*Delayed ignition could have produced greater casualtie for LNG and LPG.
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continuous casualty-producing effects of the toxic vapor cloud, together
with the early ignition likelihood of flannable clouds, make the highly
flammable chemicals less hazardous than the highly toxic ones. This con-
clusion is based on direct casualties only, and does not consider the 'Uire
damage to structures or the casualties that might occur if a fire storm
occurred as a result of widespread ignition. Also, it does not consider
evasive tactics which could reduce the toxic casualties significantly at
far-field downwind distances. These latter considerations are functions
"of the effectiveness of civil emergency plans, time of day and day of
week, local fire protection availability, and many other variables which
are difficult to quantify.
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Chapter 6

FILES AND TAPES CREATED UNDER THIS CONTRACT

Two new chemical properties tapes were created in SCOPE-intexnal (SI)
format, in seven-track, 800 BPI, ANSI-labelled format. Their visual
serial numbers (VSN's) are S3216 and S26506=KN4942, and they replace
S3984 which wore out.

The updated VW1 was recompiled using the optimizing FORTRAN processer.
Both the source code and Phase 1, Phase 2 object modules were written onto
a new tape, 0S1828. Also recorded on this tape was the entire Chemical
Properties file, plus the Default and DPI Values files, to conserve system
resources demand. The new tape is a public-access, nine-track, 1600 MPs,
labelled tape, VSN0OSI828. A request card for this tpe would look as
follows:

REQUEST,TAPE ,NT, PE,CT-PU, ID=USCG ,VSN-0S1828.

The first file on this tape is the updated IM source code (VMSMN or

OLDPL), then, in order of appearance, comes the entire Chemical Properties
file, the Default Values file, the DPI Table file, the Phase I object
module, and the Phase 2 object module.

As a backup to this tape, a new VP file set has been catalogued on
SCOPE as Cycle 15, Cycle 15 stores OSCGVULXODLGO, which contains both up-
dated object modules (IDaUSCG) and EWMVNSYM, which contains the updated %IN
source code (IDaUSCG). Public-access tape 0S7Te37has been created to com-
plemont these filesi it contains, in the following order, the entire Chem-
ical Properties file, the Default Values file, and the DPI Table file.
Jobstream DISPVIM (Figure 3-1 in Chapter 3) illustrates the tardem usage of
0S7073 and USCGVULMOOL•O. The total disk utorage required for Cycle 15 is
659 SDD's (standard data blocks).** Standard I#4 run jobstream RWNUIZ2
(formerly, CHEAPVI4) illustrates the usage of tape 01928; it is listed in

Chapter 2 as Figure 2-6. Note that in both jobstrema VH output is di-
rected toward the printers at the Eastern Cyberuet Center, 1151 Seven
locks Road, Rockville, aland 20854.

Tables 6-1 and 6-2 list the current SCOPE-resident tapes and file*,
respectively, available under Coast Guard accolnt S7205..

*Hine-track, 1600 BPI, ANSI-labelled.

**Th.:! are 1280 characters (6-bit) per 5DB.
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TABLE 6-2

USCGM SCOPE Files Audit

AUDIT OF 6000 PEI0*ANENT FILL$S FULL lImf 16.21.36 06/25/79

OWNER PEPAlNENT VILE NAML CYCLE ACCUUNT UNIT SO6S CHEATION FXPIRATIUN
suq4' NO. "41TACHES -MeO- AtTERS/REWRITES" FLAGS ROS - 'VSNa-| VSN-2

Us(13 USCOVKCot~I) is S7205MRT 0065 ?98 06/22/?g 03/17182

USCo NEwVV4SYM4 15 S?2OSNRT 007 361 06/22/19 04/17/82
i .... • . .. ... . . .. .... . 0 ... . .. . . .. . 3 " "P OIOO" *'*" 9•
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Appendix A

DESCRIPTION OF THE VULNERABILITY MODEL

The Vulnerability Model (VM) is a computer simulation which assesses
the consequences of hazardous materials spills. When the user specifies
the;

* characteristics of the cargo (e.g., chemical composition, size
of tank, temperature of cargo),

a size and location of the rupture,

* characteristics of the spill environment (e.g., marine charac-
teristics and weather conditions),

* geographical location of the spill, and

* location and characteristics of the vulnerable resources
(people and property) in the vicinity of the spill;

the VM will compute the:

* size and characteristics of the spill,

* disposition of the hazardous material (e.g., mixing, sinking,
dilution, vaporization, diffusion, dispersion),

* concentrations and hazardous effects of spilled material as a
function of position and time (e.g., toxic concentration and
dose, thermal intensity and dose, overpressure), and

* number of people killed and injured and amount and value of
property damaged.

The VM simulates two basic types of hazardous chemicalst toxic and
flauble. For toxic chemical spills, the VM simulates the development of
the spill, the vaporization of the chemical and the formation of a toxic
cloud or pl'ue, the movement and dispersion of the cloud, and the acute
toxic damagq (deaths and injuries) occurring to people residing in the
path of the cloud.

For flammable chemicals, the VM computes fire damage to people and
property resulting from three types of fire hazards; pool burning, fire-
ball, and flash fire. Pool &rning occurs when an immiscible flammable
liquid is spilled and catches on fire at the spill site while it is still
in the form of a floating pool of liquid.

A f£reob1l occurs when a pr.ssurized gas or highly volatile liquid is1 ignited as it escapae, bursting tae tank and generating a highly combus-
tible mixture of material and air which buruis very rapidly and fomii a

Sfirebiall, The fireball hexrad is oammoz, for incidents involving propane.
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Flash fire occurs for volatile chemical spills which do not catch fire
at the spill site (due to lack of an ignition source) but form flammbble
vapor clouds which axe blown downwind and are ignited at some distance
from the spill site. The flash fire hazard can be the most serious, be-
cause it involves the transport of the hazardous material from the spill
site to downwind areas that can be much more populated than the spill site.
If, at the time of ignition, all of the spilled liquid has not been vapor-
ized, then pool burning occurs in addition to flash fire. Also, the possi-
bility exists that under certain conditions the highly combustible vapor
cloud can explode rather than burn. Hence, the VM simulates the explosion
of the vapor cloud in addition to flash fire and computes the explosion
damage to people and property as well as flash fire damage. The user is
cautioned that in all cases involving unconfined flammable vapor clouds,
flash fire is much more likely to occur than explosion. However, explo-
sion is included as a worst-case consideration, even though it is recog-
nized to be a remote possibility in most spill situations.

The VM is designed to simulate the consequences of hazardous materials
spills at specific ports, harbors, or other marine locations. To do this,
the user must specify the location and characteristics of the vulnerable
resources in the vicinity of the spill site. This is accomplished by
means of a Geographical/Demographical file which divides the area of in-
terest into cells and gives the location, number of people, and number and
value of buildings for each cell. In simulating damage, the VM computes
the damaging effects such as toxic dose or radiation dose occurring at
each cell, converts this to the fraction of people and buildings damaged
at each cell, multiplies by the number of people and buildings that exist
in each cell; then adds up the damage for all cells.

The VM simulates spills in confined waters as well as open waters. It
also considers the effects of tidal or river flows if specified by the
user. The VM does not, however, simulate the effects of topography on
vapor cloud dispersion; i.e., it assumes that the land, like the water, is
flat. The key parameters that determine the vapor cloud dispersion are
the wind direction, .the wind speed, and the atmospheric stability coeffi-
cient.

In application, the VM is one of the key components of the U.S. Coast
Guard Risk Management System, a system of analytical models for (1) iden-
tifying and assessing the principal spill risks associated with hazardous
materials marine transportation and (2) determining the cost benefits of
alternative safety regulations or actions which reduce the risks.

The VM is a planning tool: and not a quick-reaction model to assist in
the response to actual hazardous materials spills. It is to be used in
regulatory or safety systems analysis to assist in the design and evalua-
tion of alternative means to reduce the hazards of marine spills. In' this
type of application, the VK is used to determine the effect on consequences
of alternative safety measures and actions. Typical applications are,

A-2
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* terminal or facility siting (evaluation of the relative
hazards of alternative sites),

. facility design (evaluation of the effect on consequences
of alternative safety measures),

* vessel safety analysis (evaluation of the effect on conse-
quences- of alternative means to reduce spill potential),

* traffic control systems analysis (evaluation of the effect
on consequences of alternative traffic control schemes),

, spill response analysis (evaluation of the effect on conse-
quences of alternative means of spill containment).
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Appendix B

UIK FLOWCHART AND SOURCE CODES

Figure B-i. UIMS/UIML Flowchart
as Procedure RUIM
Controls Them

Figure B-2. UIKS Listing

Figure B-3. UINL Listing
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02490 INPUT

025)0 17 60 oo c THN 2550
01520 P*INt #OINUlts tNh'ro must *ILwArs at Ltss TH1Aw 60.9
02'134 PRINT OPLCASE NRVt YP(k Ak3OUS

02%50 L2169TRIMI~

02S70 LU@62
*@s@POW* ONoVE NII# TK~ StCCo5.e

Moo59 INPUT v
@0200 vtoo7im)
'0260)0VITV
@2620 0%80.0e
90630 If s4*0 CR b~* T"th UMOO

0?'0L)9a000*

FIGURE B-2 (cmitimaed)
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0E670 PRINT *SECONDS ENTRY MUST ALWAYS BE LESS T14AN 60,0
02680 PRIp4T-PrLXEstRTp HE Cu MEOUR XNSC
02690 GOTO 02580

02710 WsINTCW)
O27ZG'L3SftSTRS(W)-"--___
02730 IF W3,10 THEN 02750

* 0270 Ll(l)ULll+L25#L3S+L7S
126-iI2o. )-6Or------

02770 PRINT
0t, 80rf -F4 1 *TP'EK-0&40-0 -- -
02790 IF F6*1 THEN 11460

02810 W&INT(W)
*02820 IF wqi80 -THEN 280----
02830 PRINT *DEGREES ENTRY FOR LONOITUDE MUST BE LESS TI-AN ISO**
02840r PRINT-, PLEASE'RE-TYPE--YOUR-,ANSWER;*- -

*02850 COTO 11460

02870 IF LEN(L4S)*3 TI-EN 02910

02R90 IF LEN(L4$)*3 TI-EN 02910
02900 L4'Sm#0W4L".S.- -
021010 PRINT *NOW ENTER THE M'INUTES**

02930 WaINT(w)
02940r- IF-w -C-60Tto-'r-EN-oa80 --------
02950 PRINT *MINUTES ENTRY MUST ALWAYS BE LESS THAN 600
02960-PAINt-*PLEASE -RETYPE-IOIJ-ANSWERis
02970 GOTO 02910

02990 IF LENCL5S)u2 TI-EN 03010
-'03000 'LSSU#*0*L-SV -.--.--.----..----

03010 PRINT *NOW ENTER THE SECONDS**
03020*'N ~ -V -- ,- - - - - - - - - - - -- - -
03030 IF w < 60 TI-EN 03070
0304V VKV41~ PSECONUrS "rhINTHSE3-m ts vAto;$~
03050 PRINT $PLEASE RETYPE YOUR ANSWER**

"'0306'V-6QTC-03~~-V4-
03070 WxROFCW)
030C4i L6SUSTRcIrv) - - .. ----.-- . . -

03090 Llla*.$

03110 L612000*.L6S
03120 LS(ZVULs*ES.L5 L614LS . . . ... ,- . .

03130 Z(1,2j)mi601
03140 IF F421 THEN 06400
031S0 PRINT

03170 INPUT W
03180 IF Wal OR W22 OR Wm3'S %8W4 tMEN 03220
03190 PRINT s YOUR ANSWER MUST BE Is 2. Is O 0s ..
03200 PRINT *PLEASE WITYPf YOUR-ANSWER.*
03210 60TO 03170

03230 Z(1,10SlmS00A
03240 Z(191061uSG06
03250 Z(2#23)az%
03260 IF Z(2#23)al Cl' Z(2s23uw4 THEN 03290
03270 Z(3,106)xZ(2#23)
03280 GOTO 03300
03290 Z(3*106)w0
03300 IF Z(3.1&'da ANU 2(3sl45)al TI-EN 03360
03310 IF Z(3*145)81 TI-EN 033aO
03320 IF Z(2*23)*2 ohk 142923103 OR ZIE231uq '.HEN- 03380

FIGURE B-2 (continued)
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03330 PRINT *THE CHEM'ICAL SPILLED 15 NOT SUFFICIENTLY TOXIC TO CAUSE*
-O23O-frRI ti?-*S-tON-I FtCANrTOX-1 ~C-OAMIAGET-A-1 -UN--RgECUeTt4&ft IRNE--ftk*"E-I-S*-
03350 PRINT *RECOMMENDED*$
03360 IF F6z1 -TP'EN 11520
03370 GOTO 11530
'03380 rtF-Z(Z9Z3)iI *WEN-0341O _

03390 Z(3*23)al
03 D00MTO3..e
03410 Z.(3923)*0
03420 -REM -ThISTJO EDITTYPE OF"CI4EMICALO'.
03430 IF Z(3#144)ul AND Z(39145)u1 TKEN 03490
03440- IF Z(39144)al 'ThEN* 03490'
03450 IF Z(2t23u1l ThEN 03490

03470 PRINT $NO FIRE CAMAGE. A RUN REQUESTING TOXIC OANA6L IS RECOMMENOECSo
03480 IF'FV6*1TKEN 11S30--
03490 IF Zf2#23)u1 THEN 03520
03500' 2(3*1051= - . --

03510 60T0 03530 ____

-3520-Z(t.1h~~- - - --

03530 PRINT
*03R.40 V F4xl ThEN068.............-----*---.
03S5O IF FEml TO-EN 11550
03570 INPUT

03590 PRINT *YnUR ANSWER MUST OE A FOUR(4) DIGIT CODE,*
03600- PRINT' PLE-ASE' RETYPE- YOUR -ANSWER*-$
03610 GOTO 0356~0
03620 -Z(Z242)i19 i
03630 GOSUB I300

0365 60TO0 03560
0Q36607ftl'#2413'C.
03670 IF F~zl TI-EN 06400
03680 IF FtI 'ANDaZ(2.238l 'THEN -1~
03690 PRINT

03710 PRINT 4TR
03720 PRINT STT F IT IE5QEt 'O DA Ew E*
03730 PRINT #$PILL OCCUR~S**

037S0 Z(Z*??71u4

03770 IfF 4.1 TIhEN 06400
03780"PRINT fTtPE BET"WEEN CARAOC CC14PUTATIONS I.N SECONDS**
03790 INPUT

080Z43*29Iaw

03030 PRINT OEN~C OF FIRST TINE SEtJUINCE IN SECONDS AFTER SPILL. OCCUR4S**
030*0 ANPUT W

03A(60 Z12.88).'
03870 If F~alTI -N 00400

030990 PR4INT OSPILL OCCURS..
03900 INPUT w
03910 Z(2o30)r%
03920 Z(3.0i~
03930 Ir F401 TPEN 06400
03940 POINT MVIE B(E1EEN GsAGAE C"JPUTATIONS lN MINUTES**
039S0 INPUT W
03960 1Cb3?2)u.
03970 Z(3oi2)uw
03-900 If F'..! 7TIN 06*00
03990 PRIkT SENC CF SECONC TIME SEUuthCE IN PINUTt.S AFTEeA SPILL OCCUbd*0

FIGURE B-2 (continued)
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04010 Z (2931 )aw

4r404OPRTNT WATRT Of ?M4IRO IM1e-SEGUENCE- IN KINUTES--AFTER-T*-----
0*050 PRINT *SPILL OCCURS**

0*070 ZfN- )u
04MY0Zi(3i337ilw -

04090 IF F4*1 TINEN 06400
"04100 PRINT-4TJNE'SETWEENCA,4A~r 'CMU~t "rMurss-- - .-
04110 INPUT V

04130 Zt3#3S)sw

04150 PRINT $END OF TI-IIR TIME SEQUENCE IN MINUTES AFTER SP~ILL INITIATIO.**

0*170 Z(203*).

04190 IF F'.1 IE 06400

04210 Z(129)a6003
04220 Z'fIi?8Yv3002- - .-.-- .-.

04230 2(I.30)860O'.

04250 Z(1*31)*COO5

04270 V(1051=6009
0*280--Ztlj34*s6008- - -.

04290 IF F4wI ThEN 06400

04310 If Z(39105.1l THEN 0*670 _____ .. _____

-0*320--RE14 *USE--0EFAUL? TIPE ,SECV-
04330 TwZ(2922M6(04l(2s16))
*0*340 FO~t-la TOr9'. . .* .. ~ ~ .

.4370 Z(3*12)80

0*390 IF V(39100)0 TNENs 04430
04*00 zt,*j27)mI - -*.- - - .- .....--04*10 V(304f)820

04430 IF 7 )- 10 ToIE 0*4100
04*50 Z(3s32)v?,

0*460 Z(3*31)uu0....................
04*70 0070 04650

04490 TlwtNTI(Yi0Sl)
0*100 tI.T1*5
04510 2(3*30)25
04SZ0 Z43009~T1 -

04S34 Z(3,321sS

045S0 213,351'?
04S60 G0?0 04050
0*570 TIVINTMIT5O1t
0*580 Z(3s30lwS0
04S90 t1st3'50

00620 Z00I0*V .. .. .

FIGURlE B-2 (continued)
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04670, Z11930)uzt3,31)*8O

04690 PRINT 000 YOU WANTS TO SEE THE LISTING 4F YOUR INPUIS'* (YES OR NO)*
"04?0O--tNPUT ws
04710 If *$**NO$ TPEN OS?30

4725 IF F43-1 T"EN .4727

4727 XSsiIEOtTEt*

04740 PRINT ________________

-1010 P~t MT~U IS Or "MoU1tothl *"&I*.
04760 PRINT TAR (10) ;PRESSURE.*,*AT.4OSPHEIRES,*

-04.7T4'RW~-
04760 PRINT TA844UO;LENGTh-0*03S ___

-0479 PlINYT-AnrO0 r~vOL m i~s -- --- -- -- ___

04600 PRINT TA80(0) ;*VELOCITY-**Q4$

04820 PEN *LIST OUT TPE UIN FILE 70 T14E TERMINAL*
-04630-PPTNTVSrW 0184640-
04640 1 NURSER OF INPUT NAME OF INPUT USER INPUT

049600 PRINT USING 04070%M15______________

04860 PRINTUSING 04890*Z(2*91____

04900 PRINT USING 04910*Z(293)_____
N.-041410 7- TAANK -PRESSURE---

04920 PRINT USING 0493092(294)

04940 PRINT USING 04950*?(2#5)____
U~9!0T T MIGWHT -4 -

04960 PRINT USING 0497092(296) ____

04960 PRINT USING 04990,Z(2#7)

05000 PRINT USING 05010.2(2.)

45020 PRINT USING 05 -03092(2#9~)
050 30 - f -- q - - P-rG LrDV1OLE 5OTOM7~--
05040 PRINT USING 045040(2#10)

05000 PRINT USING 05070.2(2.11)
-'-1tr -W"--ThR'TEMPERATUJRE----B

05080 If M9210)u1 TtEN 09170
05090 PRINT USING' 0S100#Z12iI2t-- *-

05100 1 12 CH4ANNEL WICIN SMd

OR120 t 13 AVERAGE RIVER OEPTIH
OS130' PRttv* JT N~0I0Z244~...... ...--..-.-..-

0S140 1 14 AVERAGE RtIVER VELOCITY
05150 PRINT USING 091644Z124151-
05160 1 1s TYPE OF .4IVER OANKS

05160 t 16 AVERAGE wZNO SPLED
05190 PRTNT USING-os200.2(2.171
09200 a I? WIND DIRECTION at
'05210 PRINT USING' 05220.sZi2Vt8'.......--- ____

05220 1 is ALI TEMPtRATURE
05230 PRINT USING 05240OMSS
05240 1 19 ATYq)SPHEMIC STAdILITY CODE
032srI0-iV-vm *EW*^T1'ttr 029 0',.. ... ... .

0S2fi0 LET L1iaSUOSTRILI140102)
03270 LET 12,USURSTRILSM1h32r .,. ....-...- -

05260 LET L35.sSU8STA4Lb(l,6,2)

FIGURE B-2 (continued)

B-11



-- s29OrPRiNrOO5ING2O~twttsqtfl-t
0S300 t20 DEGREES LATITUDE

05320 LET L4SvSU8STR(LS(2)#I,3)
-05330-LET V5S*SUS9STRVtS C? )-VlV92t'-
05340 LET L6lmSUBSTA(L5(2)#6v2)-

OS360 2 21 DEGREES LONGITUUE

05380 :22 DISTANCE OF SPILL TO SHORE
*05S390 PRtT'iT*USTN6-5S400,V'2*iZ3F --

05400 :23 TYPE OF OAMAGE-
05410 pRtLr! USINGU 05420OZ(c944
05420 2 42' GEOGRAPHICAL FILE

*05430 TIF-z(21z3).r '"-- --- -- '- --
05440 PRIMT USING 054S0.N55

-O54 S25----2-- -SECOftARY-PVS -
05460 PRINT USING 0947002(2#26)
0VS?10T f ice rt~~la stEtwe,"E 94

05480 83*0

*05500 IF 8S3*NO* THEN 05710 __

* V ~~~~05510* 93i1 __.--- _

05520 PRINT USING 05530tZ(2927)
#551 BET FIR 01Itrt S EQUENCE.,

05540 PRINT USING O5550.Z(2$29)
-_0555r___ --- zr -BET2(EfN-F1RStTTHE~ -SEQUENCE-- -

05560 PRINT USING 0S57O9Z(2*28)
053701' -29----- -VND` FIRST11ET"SEOLENCE - -

05580 PRINT USING 055909M02~0)
"3059 HEM~ MON 7IMC -3.Q t:N

05600 'PRINT USING 09610oZ(2.32)
05810 ______.t __. --- I -fETivEEN-,SEC0ND-T-tKE 'SEQUENCE- - =_2--- - - -
05620 PRINT USING 05030*Z(2931)
05M1 '--L ----tNDS -COSECOND-'fE5ECUENCe- .

05640 PRINT USING 0S6S0.Z(2*33)

05660 PRINT klSING 056709Z(2o35)
05O6?0..........*--34------S''ETW!ENt-THIRO-- TU-SEQ tIENC'----------
05680 PRINT USING 0S690*Z(2#34)
05690' -'--35.-'-- tN-CrWRD-TtME-'SEQLENCE*--- '--.
05700 GOTO 05720

05720 PRINT
05730 PRIT----.- --

05740 PRINT
OS75O PIZINT 000 YOU %ANT TO NAKE-ANY"CHANOES' TOO.... .. ,.

05760 PRINT 0 THE CONTENTS OF THIS FILE (YES OR NO)01

0578 IF X24mON00 THENh 05830
05790 IF X2S**YESO THEN 09820 . . . . ..

05800 PRINT *YOUR ANSWER MUST BE EITOER YES CR4 NO*$
05810-GOTO S?05e.......- -

05820 0070 05970

05840 'PRINT OCO YOU WANT TO "UK A VN SIMULATION*
05850 PRINT OUSINO THESE CATA*I
05860 INPUT YS
05870 IF 'YTe*YF"50 OR Yl9avNOV~?IEN 06000
05880 PRINT *PLEASE LNTER EITHER YES OR NU**
05890 O070 05840
05900 IF Wls*LISTO TOEN 04760
05910 IF W280YES0 AND XNI'*YES* THEN 05970 - . .

05920 IF li5m*Nf THEN 05830
05930 IF Wla*YESO TO*LN 06170
05940 PRINT *YOUR ANSWER OUST Of EITI-ER YES CR NO**

*@¶9gq0,p~tNTrwPLfkle RE-TYPE ,~wE~
05960 0070 06460

FIGURE B-2 (continued)

B-12



05970 F481..... I-.--.------..----.--.--

05980 PRINT *INPUT N4bMBER#;
IS990" GOTO'062-00 

.-.- .

06000 PRINT
-"Qlo PRIMI $CcU You WPTNI TO SAVE tIM IS~ MEO YS
06020 INPUT Ws

'-"13 Q0IF-ntvO~ NW-THE N-608 Q-- -- -- --

06040 IF WSt*YESO THEh 06070

06060 GOTO 08010

06080 IF YSOONO* THEN 13060

06100 IF FO*D AND F4>0 THEN 06130

06120 IF Feul ThEN 06150

,1' . 06140 GOSUS 09430
0650 G00508 08180-------*--~ 

--

06160 GOTO 06080
'06IMOPRIThll PLE~ASE -ENTER-THE-uNMEcR-OF---TvHE -INPUT-'TP4A "YVC WANT-*-
06180 PRINT *TO CHtANWaE.

06200 INPUT C

06220 IF K5434YES$ ANC C0 AND C<36 ThEN 06Z50
'06230-PRINT' tVAL107TRESPONSES ARE 7U9ESRO 1 0"35~ OKLY,4-
06240 GOTO 06170
96250 Ir t.31 11

4 N UOJ5V
06260 IF 0,10 THEN 06280
"'062700w Nt-GOTO"0636rr105qo g*--106'30r~j t&066ryW?07r V r0o740-roO-16 *0
06280 IF 0~20 TIHEN 06310

06300 ON C GOTO 10460 9 06600 9 06600 9 06600 # 06600 9 11160 # 11180 *11270 *11

06320 CuC-20
6~301C~6-AND* 8354YESs THEN' 07150....

06340 ON C GOTO 11460 9 11480 9 068S0 07350 o 07080 9 11680 s 03710 03760 *03'063SOV"PRINT-VEINu "OSOZ228*---'' ---
06360 PRIMT #70 CHANGE THE CHEMICAL CODE YOU MUST 00 SO iY CREATING*
06380 PRINT *BECAUSE OF THE DEPENDENCY OF THE OTHER VARIABLESO

'63~PRINT
46400 IF F6<I2 THEN 06430
-f64rV*PRtNT-*MORE CF'ANGESMTSNO-OR 't;ISTTwtir-"-'- ' -----. "-06420 GOTO 06460
00430 tffT~ 000 TOO It";6 10 ClN ry AN"r MUv uiuAN jpitvsu
06440 PRINT *INPUT YtS OR NOoO
'06 4S!PR IN T -V-YOU'-NEED-A-t IT-OF -YOUR tE SWR?5T- .
06460 INPUT WS
06470 GOTOOC-0 .....99.. . .. ..-..

0..

06480 IF F692 THEN 10900

06S00 PRINT *PROCESSED* HOwEVER PLLASE NOTE THAT 1) IF YCU ARLO"06510 PRINr *CýA*?~"FROK *AN CPEN WATER' LOCATt0N(C00Esil'T0 At -06520 PRINT *RIVER ON CHANNEL LOCATION FUiNTSER QVESTIONS AbOUT**06530-PRINT-#TpE' RlVtR-OR-C1ANNEL. WILt BE AOSKEO-'OR,2r Zl-tYOUuAREpr-.--.
06540 PRINT OCOANOIN4 FROM A RIVEN R 09CHANNEL LOCATION TC AN UPENo06550 PRINT OwATER LOCATION* YOUR PREVIOUS INPUTS WITh RtGARD TOO06560 PRINT *TOE CNANNEL OR hIVER WILL BE IONOREDoo

06580 IF Z(2910)al TI*EN 06400
*Q5QGOTO '11000-....... . . . . ..06,600 IF Z(2010)02 THEN 06650

06620 PAINT ORIVER, YOUR PREVICUS ANShER SPECIFIED AN OPIN WATER SPILL*06630 PAINT OLOCATIONs TNE EDITING PROCESS CANNOT ENABLE4.-.......
06640 GOTO 06400

FIGURE B-2 (continued)
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06660 F422

A. . ~~06680 IF e3S**N0* Tt.032
-06690"PRI14r**"-- FTHUTSTANCEFtFT )owTHiE SPILL--O-SN0REtINt--ntmtWcv
06700 PRINT *is USED BY 0-E PROGRAM TO CALCULATE THE DEFAUM.TTIME'SEQUENCESso
i6?F$10-PRrTNV#SINCE-YOLU-'VERR~DDTHTHE-IME-'SEOLENCIESqI--W S 'tKrlT-NAS* - - -.06720 PRINT *NO REAL MEANING. 00 YOU WANT TH4ESE SEQUENCE.S E-iSE0.*
IaiO7u 11"IN1 Pit Ttst ItI FAVURINP wALLLMrult II9 ILtL
06740 PRINT *USING THE NEU VALLE**

06760 INPUT vs

06780 PRINT *YOUR ANSWER MUST BE EITt-E4 YES CR NO**

06800 60T0 06760

06820 83%u*YES*
-06630F41'~~
06840 6070 04320

06860 PRINT O0APAGE COOE(1*2,3 OR 4)*$
4#68700rOT"317o--
06880 IF Z(2#23)aTl THEN 06400
06890IF, TI),I-AND-Z (2 i23));t-THEW'ooz 0 -t--*- -- - -- -06900 IF 71.1 AND 2(2#23)),l THEN 06960
-V6910 PRIT,
06920 PRINT *YOUR REQUESTED CHANGE TO TOXIC-CAMAG& HAS BEEN PHOCESSEO.*
*06930 "PRINT -*YOUR" PREVIOUS`INPUtS` -VITA~-RVARC-0 OF .'REOrAfA(JE- VILL- BEs **-
06940 PRINT #DISCARCEOS*
0'69SOGOT0 0&~4V0------------ - -------- -------.--
06960 74.2

06980 PRINT *YOUR REQUESTED CHANGE TO FIRE D4AMAGE HAS BEEN PROCESSE.*0
0690 RIN~Tt-PRQG~AMN--WILL--NOW 'ASK 'YOU-FW.T4ER-Q2tESTICNS-NeEOE-O0R*------

07000 PRINT 0TH*E VULNERABILITY MODEL IN N0DELI74G FIRE OAt'AGE.*

07020 PRINT

07040 PRINT *PROCESSED* YOUR INPUTS WITH APGARO, TO SECONCAHY FIRES ANDO

07060 PRINT *YOU PAY EDIT THESE SEPARATELY IF YOU WISH TO CHANGE TOLMoO
-07070 60TQO . 6400- .-- ------ * --- *- -.--... .

07080 IF Z(2#23b1l TPEN 11570

07100 PRINT *TtHIS USER INPUT IS ONLY LSEU WOEN REQUESTINQ THE VULNEhAdILITY0
07110' PRINT *MODEL TO-SIMUL-ATE--piRt OAMAGtr4-SINCE: -YOU *REGUESTED A 1RUNO
07120 PRINT *MODELING Toxic DAPAGE9 THlIS INPLT IS NOT USED. THE EDITIN4G$
07130 PRINT *PROCEsSSCNOEEAL~*....---- - . . .

07140 6070 08400

07160 PRINT $TOE PROGRAM tHAS CALcULATED THE CEFAULT TIME StQUtNCES9 PERH*
07170 PRINT *YOUR REQUEST. 00 NOU N9% WISH TC'OVERRIDE 'TPESE TIME SI.QULNCES40
07180 PRINT *INPUT EIT"i&4 YES CA NO**
07190 INPUT WI
07200 IF WI2$YES# OR WfaPohd T'HEN 07240
07210 PRINT #YOQjR INPUT OL5ST BE EITHER YES OR NQ.#
07220 PRINT *PLEASE WETYPE YO.UR ANSWERS0
07230 G070 07190...............,. -

072*0 If 0500YES0 TH4EN 0?7e*l
072S0-GOTO 064-00, -

07260 93$**YESO
0 7 0I7TPR1tNT- t CUYVoU0
07280 PRINT OURL:. BE REQUESTEO TO CHANGE ALL OF THEN OUNINij ONE £011..
07290 PRINT', 

.- -

07300 F4.2
07310 GOTO 03710

FIGURE~j B-2. (continuied)
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01320 IF e3S<>*YES* Tt*Ek 07150
01330VvCNCI3
07340 ON C GOTO 03940 9 03990 *04040 ,04100 *041S0

01360 GOTO 03560
077 -REN SUir-To--SeT-UP- CtTEM1C-' PILE*,--

07380 DATA 0,.841,36000,350.,1100,1.1.1,1,*,1.00.-9.93l5,2.0468,0,0,.ý26,100,-26.

07400 DATA 0,1.59,0,0,0,1,0,0,1,0,2.50,-6.29,.406,0,0,1000,100,O999

07420 DATA 0.1.191,0.00'1.1.0.1,0.1.0.-l6.85.2.804.OO.i0.,100.999

01440 DATA O,.41S0.13720.338. .1069,1,0,1,0,2,2.75,#0,0,00,0100,-161 ______

4 7460 DATA 0,1.38,0,0,0,1,0.o,1,0,1.qo,-19.274,3.686,0,0,5.,100.9999
0T-47VDATA _0VýJ99i0Wi TT#10i7101h 2_23 G~OO.0~ 99
07460 DATA 0,1.3l*,36000,3S0.,1100,1,1,0,1,O,1.439-31.343,3.008,O,0,70,100,999

07500 DATA 0,.58.158*5.350.,10?9,0.0.1,0,6.5.2.7S,0,0.0.0.0.100.-60

07520 DATA 0,.70,1584S.350.,1079,0.0,1,0,6,2.75,O0,0,0,0,0100,-45
*07530t-ATS*V-G15S-iT5827T3 0*iTsI10-410 .0 .1-iSO;5i5 .25 00000ro-
07540 DATA 0,.702,15903.350.,1078.0.0.1.0.12.S,2.75,0,0.0,0,0.100.-40
0755SSD DATA -Ci-'O--I;S.1807.385. .rOT7.# ,1C0fS iZ.i~75, 0, 0'iO .0,Oil 009&4-
07560 DATA 0,.53,15809,390.,1130,0,0,1,0,S,2.75,0,0,0,0,0,i00,-S3

07580 DATA 0,.91,14613,350.,1100,0,0,1,0,2.5,2.75,0,0,0,0,4JL00,-78

07600 DATA 0..86.800.,3S0..1174,1,1.1,1.4ýi2.0.-7.415..50S9.u0.LO00010U,-37.

07620 DATA 0,.76,800,3S0.,1100.,1ld,0,t~2.5,2.75,0,0,0,0.1000,100,-38#

07640 DATA 0,.92s800,350..1100.,1,O.1.0.1.5,92.75.0,0.0,s1000,1tCO.0.

07660 RETURN
07670-REM-4 UfrO-EMt-rMTPREE-CODErv- -

07690 A35z*ARLAMAC8TCLXCCtiFXLNGMT9PI-j8CNh0S5FDA
07700 FOR txl TO LEN(A3S) STIP 3
07710 IF SU8STR(A3SIs3)wh% THEN 07800
07720 NEXT I
07730 11*3e

,07750 FOR Kul To LEN(A3S) STEP 3
07760 'IF SUBSTR(A3St'K93)3~t% THEN 07790
07170 NEXT K
07780 GOTO 07830
-07790I'Io 14K-._..-........- .~ . - . . . . -. .-

07800 F2u1

07620 GOSUB 07040
~060'RETURN.......- .

07640 REM *SUB TO SET-UP C1*EmICAL PROPERTIES*

07660 Zt3#l3S)aC3(K'.,1)
079?0 Zf3#l36)uC34K4s2)
08680 Z(191371*2011
Q?8q0'~tT_3qV3TV4C3 ýK4,... 0)-- .--.-.--- .....

07900 200,138)82022
07910 Mit3s-3)4I.0........ ., . . .... - .

07920 Ztv139)m2033

019*0 ZC1sL*0)m1019
079S0 7(39140)aC3(K441........... . ..-- .- ,

07960 Z(19141)v2043
07970 Z(391411mCV09*6)
07900 Z0*142)m2046

- 07990 Mvr~A?)sa0' - ,.

FIGURE B-2 (continued)
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06000 Z(1,143)*5002 ___-.____.____

-0UO0tO-ZT3ilI13r)JC3K4-iT)r-ý-
08020 Z(3q144)=C3(K498) • ._...
0803'o30 1(3I4s)1C3 (K4r -,+

08040 ZV(1d6l)a50,

- -- •.+;=08060 Z4I,14?}iS019 +
+•+ "O8 g•'l- 7tT W-3t ....... .

06080 FOR ItI TO? 7

06100 128S029+I

08120 Z(IqI1)a12
-- 681 30•-rZ-TTIYC31(WTI9TVI 08140 NEXT I

.8160 Z(3l55S)=C3(K4,18)

08180 REM *ThIS SUB USEO FOR OUTPUT TO A FILEV

* 08200 IF Vs$ONEi TKEN 08220
082 I0-er-3..
08220 FILE =0=05

08240 3 i 3---------------------------------------------225256

S08250-PRINT-E.
08260 PRINT 20 USING 08270,N9,MSIS
06270 * 11O1!5r~
08280 PRINT I0 USING 08290,Z(tl24),Z(Z,24)*Z(2t22)

08300 PRINT ZC USING 08310#Z(1*I20)tFl
- 08310" -3 ."

08320 PRINT IC USING 08330sZ(0$121b)83
' +~~06330"- =

08340 PRINT Z0 USING 08350,Z(1W4),Z(394)9Z(294)

08360 PRINT -C USING 083709Z(1*5)#Z(3,5)qZ(2.S)

08380 PRINT 50 USING 08390,Z(1,9).Z(3,9)#Z(2.9)

06400 PRINT ED USING 084109Zt1l2),L(3*2),Z(292)

08420 POINT I0 USING 084301Z(1113)1S3),Z(2,3)
06430 Ii EI IjE--
06440 PRINT 1 USING 08450.Z(lsl35)9Z(3#135)
084S0 12222-M. ------ r-
06460 PRINT ;0 USING 08470qZ(ls6),Z(3*6)tZ(296)

08480 PRINT SC USING 0849g0#z(9?)9Z(3*7),Z(2*?)•.. ~~~~~~08490r t-:33=-.'E• " 5S.... .. .

0500 PRINT =C USING 0ebltZ(lvt3?)9Z(39137)
08520 PRINT EC USING 0853*Z(lOe)sZ(3,8)#Z(2#8)
08530 jazz= *a==, ZZ11.11

08540 PRINT jO USING 0BS9Q50,ZU,1bZ(3sl6iZ(2*16)

08560 PRINT z0 USING 085?0S Z ,qlZ)tZ(3.IghlMqS
08570" •22 1 ....
08580 PRINT :0 USING 08S90ZQ*l10)tZZ3slOh)Z(2*.0)

-08290 .£-......• •

08600 IF ZdtlO)al ThEN 08630
08610 PRINT 20 USING 08062Qi(ltI2)tZt3il2)tZ(2t12)• .. .
08620 tIE2Z =.6j-tt* i1 =.zj
08630 PRINTiC= USING 08640,Zl1,1382.Z(3,136) .
08640 13.2!
.08650 PRINT !0 UING0"08660.r'O rItl'4Zt3"1')t2,1'r .......

0e660 1661 661.1:

FIGURE B-2 (con:tinued)
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__08670 "PRINt- c-S~IJNeG o8680"9Z (r4i139 JIZ-* r0939r----

08700 tj!2 -t

08720 iE;I

08740 :222 22Z
-08750-PR*INT :V"tNGV8Th01*Z(tITOr3r1 31
08780 *333

VrU TT0PrTriOU5LNG U'87E4ZrZ IT1I7Znrfltwtr
08780 1!-SZ2 zzzzzz:.::

08800 PRINT ZjO USING 08e109Z(Is13)qZ(3v13)#Z(2vI3)

08820 PRINT X-C USING 08830sZQI.14)*ZI3v104)

.08840 POINT ZO USING 088S09Z(1#142hsZ(3.I42)
06850-ij~.
08860 Ii Z(2,10)w1 THEN 08910
08870 -PRIKT-3UI`C88, II~jiTr~i~2i4
08880 szzzz_____________

08900 tzzE2 a, -

08920 I==== z:zt.::
*08930 'PRINT 30 Z[US-INGff6u~1Tr~rcl
08940 13i-i-IB3-,- z

08960 1=222

08980 !=-323
g8q90- POT NT-01J-S ING 090 0 0iZ I I i23) TZ (3 Mp23 91tZ231
09000 !1

09020 SIHBE. i
09030-PRINT -0C M~t6)-
09040 :IS-Ei

*09050' PRINT-30 USING *'9060i97tfld4T~.?(3it4flt"-*
09060 :z!i2- =SS. ___________

KLNI~ ~ ~ VU N60 '0I.91,351 911 Z22
09080 12-42.2 2!2Ezioz
09090-FOR 1(dtA6(TO 1'54-- - - - -
09100 PRINT ZO USING 09Ij0tZ(1#K)sZ(3sK)

09120 NEXT K

09140 i Sd
¶ 09150 'FOR K*27T0T 3S .

09160 PRINT 2-0 USING 091709Z(1vK19Zt3sKoZ(29K)

09180 NEXT K
09190 PRINT 2-0 USING 09200oZ(1,20)sL5(I)vL%(1)
09200 15555----------------------
09210 PN SIG020 f1?Lt)tC

09230 PRINT` 3C...... .. . . . .

09240 IF 0.3 li-EN 09330

09260 CLOSE S-Os oil
09270 'PRINT *A NEW"FtLE MH ~EEN"SAVED F0k YCIs-,
09280 PRI'T USING 09290.01
09290 ITHE NAME Of THE NEW FILE IS 55!!!!
09300 PRINT $PLEASE NEMEMOER IT OR URYk. LS~E.

..091 _PRIfm....
09320 RETURN~

FIGURE B-2 (continued)
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09340 D1SS*SAVE,*0405__________4 -~~~0935a- cLOCLOSE- -- ~-
09360 CLOSE Z-2

09300 PRINT *TPE ORIGINAL FILE STILL EXISTSo ITS NAME IS STILL *ISCSP,*

09400 RETURN

09420 GOTO 06080

09440 DATA A,8,C,0,EfG.i',IJK.LMN.OsPQ.RS.TUV*hA.Y.Z

09460 MAT REAC All N

-19170U1aM%2asT -5-

09480 FOR ta1 TOO ____________________

09500 NEXT I

1' 09520 OSuA2Stl).A2S(2)*A2$(3).A2$44)*A2$(S).AZSt6)
-09S30-RETURN-
09540 REM *ThIS PROCEDURE USED TO INPUT AN EXISTING FILE$
09290 NPuriUgl~q3
09560 INPUT 2!C9FF1S,?1S_____

-09570WaMT....
09580 GOSUfi 07670
09S90 'INPUT--1oiZ-(to,4) 9Z~tZo,4f2,w#-ztqzt-,- -
09600 INPUT Zct,t(1,120)tF1

09S20 GOTO OS000_____

09640 IF 83.0 TI*EN 09700_______
-09650 B635SYES*-
09669 GOTO 09680

09680 INPUT 250,Zf1.4)oZ(394)sZl2s4)
0O9690- 'REM ':UNITS" AN0`C~tM ICAL PRoPTik E3'SET t* . . ...

09700 INPUT iOZ(1.5hZ(3,5)iZt2#S)

09720 INPUTE0vZ(I.2)9Zt0.2hZ(2s2)

09740 INPUT BC#241.135)4093135)

09760 INPUT 5,(.h(.)227
09770 INPUrloitionivoiti-#5)7) " -

09780 INPUT CZl).3eh(,)______

09000 INPUT BiCZ(1I9I91Z(3sI9),9w9
09810 INPUT '-0i2(t10I;lZ(3tl10hZ(201'0) .

09820 IF Z(2o0al TtIEN 09400
09830 INPUr iC#Z(IsI2)sZC3*l2)9Z(2fI2)'
09840 INPUT 4-CsZ(I938)tZt3s)3e)
098S0 INPUT 2C.GZ(1It1)sZ(3tII).Z(2sII)
09860 INPUT 2C,2(1#I39)9Zt3s139)
09870 INPUT : C4Z(1.1ul)Vzf3i1I1,
09480 INPUT SOZ(1.1V21,Zl39102)
09090 INPUT' !0.ZtII.1A)9l't39140l*
09900 INPUT BC*Z2t1u3101Zt31031

09920 IF Z(2@10)81 7PEN 09950
09930 INPUT iCZGo(I*I3)9Zt3s13ls1t2sI3)
09940 INPUT =c.z(1.10AhZEf~ql4)
099S0 INPUT'2CsZ(I91~IAR%'39I421
09960 IF 212;10)-l 7thE 05990

FIGURE B-2 (continusl)
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A."

09960 INPUT Z0,Z(Ivl5)9Z(3#lS)#Z(2,15)
0999wiNpur~cz1l,-ris~rr
10000 INPUT zC*Z(t1?,1)Z(3,l7),Z(29l7)

T0O10TNPUT7-irtv Iz-f1 . frZ-(3izsI.Z-(2z25r. .e...
10020 INPUT i0,Z(I,1431fZ(39I43)

10040 INPUT =O*Z(1,1OShZ(3,105VMSS
10 INPUT !0Z1,4I'lo7),iZ-f3.14n--

10060 IPTZ#~~4)Z3l?

10060 FOR Kal4s TO 154

kIO010 NEXT K

10120 FOR Ku27 TO 35

10140 NEXT K
1015u INPUT M Mull~yr~.~
10160 INPUT 2!O#Zf1,2l)97S9LS(2)

10180 PRINT *FILE IS NOW L040E~o.

10200 GOSUS 130800

1021S IF SU8STO(NIS1*0I803SUPPRE5SO T"EN 4690____

10230 IF Flal TOEN 10270
*102*40 -PRINT' Tmr Mt'-L0ArCE~rAS-CRI#tTEO-U.flN-Ne"Ks URITSitr

102S0 PRINT *ONLY MKS UNITS CAN BE USED DURING EDITING**
-'TO?6-GO-T-t 12

10270 PRINT *Ti"E FILE LOACED WAS CREATED USING BRITISPI UhITS9e

10290 GOTO 04720
--10300" REM -SET-UP 'FOR-sV4ORT YEA ST0N-A'CNOITURC-1RANR5CPZN412;
10310 PRINT
10JdV VI-NiT VUuq ON NEW FICEPI
10330 INPUT V1

103S0 IF V~m0NEW0 TO-N 103800
"'10360'PRINTSNERRONCOUS'1ZNPU~i'-.e-
10370 GOTO 10320
-10380 A;1VErpIe~xr.
10390 03070 10410

'10'400' RIUWROUESTE80- -

10410 If VIS*0Nf% TOEN 10430

10430 f6o1

104S0 0070 00290

10470'PRINT 0WKS OR ORITISO UNITS01
1Vr4ff07Npur~wr-'- - -. -.-..- .*
10490 if Wsu0pKS* TIhEN 00400
10500 if W12080RITS140 ThEN Gualo
10510 0070 10470
-TOS050-PWINr-VC1 NTC.LCODEV 1-- ---- ---- - --

10530 INPUT Ws
J *10~~IO40'VOSUro'7f?o'.....

10550 If real TPEN 15600

10570 0070 10520 .

10500 PRINT
* ~10600 PRINT USINO 14610901%1.

10630 101100 TEPPO .i. mmzz

r IGURE 1-2 (continued)
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10830 PRINT
I040PRINT- *TANK'PRESSURIE -ATP+S *$-I-

10650 0070 0080
--10660-PRINT

10670 PRINT USING 106e0.02%;

10690 G070 00860
10700"PRINT .

.10710 PRINT USING 10720#0351
1'0720 IYANK-i4EIGMri ~ -..*110730 G070 00950

10750 PRINT *FRACTION FI~LLEaA
10780-TNPLJT-W
10773 IF w~l.0 AND *310-0 THEN 0104.0
10180ý-PRINT-#ERRIONEOUS; INPUTe-*- -
10790 GOTO 10750

10810 PRINT *IOLE DIAMETER*#
10820 ,:-MVLE 014METER4 33 M. ----- *
10830 6070 0190
10840'PRTNT.........~ 71
10850 PRIkT 0OLE-CCS7ERL1NE HIZOT (OVER WATERLINE)Vs

10870 PRINT
-10880 PRINT *iCLE-BOTTOM 1- C OVER rANR- 8CTTONI#-.-
10990 0070 01350
10900 PRINT ~0OPN WATCOS (11 OR-RIVLROICHANNEL-Q(2)*I
10910 INPUT V

10930 PRINT OERR0NE0US INPUT.0
~1094G0T010900

10950 PRINT
10960 PRINT $WATER 7CMPýgg
10970 0070 01550

10990 IF Z(Q.101MI T,'EN 11160
11000*PRINT *RIVER- yitir~~
11010 0070 01690
11020"PRtNT . .

11030 PRINT #Ao RIVER 0EPTNOI

11050 PRINT
11060 PAINt USINO 1107090411
11070 IAV~o RIVEm VELOC1t~. ~ -11060 G070 01910
11090 PPINT

11120 If unt l.Aq wat OR V.3 t,4EN lIllbO
11130 PAW~ *ERRONEOUS IkPUI*.#
11140 6070 11100
11150 G070 02010
11100 oaIkT sulh0 SP~ECC, 01o4s;
11170 U070 02130
11100 PRINT
11190 PRINT OCe..WN~tUANL li4v&0k.o.kls4
11200 INPUT
11210 IF vlý*o 4ND 443to GCON 1I2A0

11230 OEV
112410 PRINT fERRONIOUS INPUTsi
11250 6070 I1I1.0
11260 Gowi 04220

FXGNA. B-2 (continued)
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11270 PRINT_________________

11290 INPUT W

11310 Z(1918)X2054
13GrF17k1vTI4EN 11-3W -,

* 11330 Z(391e)u*

11350 Z(3s18)xaw-32)*S/9

11370 PRINT
_T1380 PRINT'.ATMOS. -STABILITYl.o Vv r~~---
11390 INPUT wl

11410 PRINT *ERRONEOUS INPUT.s
-11420 W0TO ir3J$0
*11430 GOTO 02270
1144.O PRINT'*t:ATJTUCE0'EGPEES-fTrR5-.*
114S0 GOTO 02390 _________________

TT~IPR1Nr1Uaw~rru up-U N p 1 ,

*11470 GOTO 02800
-11480' PR TNT- *P ILLvSKORE5 SPARNT ION W0ONhI4 O1W VRECrIGN)MI
11090 INPUT
115*00'Z?21~
11510 IF F~xl TI-EK. 06680

1I530 PRINT OCAMAGE CODE(1*293 OR 001I
' 11540 'GOTO-031?O70 --- -
11550 PRIKT OCEOGRAPi-IC COEt4. D0G1TS1).04
'11560'GQTO03560''
11570 PRINT WSCONDAkRY fIREStYES 094 0M~
1T5lmo Mpouu wa,
11590 IF %Sw#YESO TI-th 11630

11610 MRINT 01ARRNECiUS INPUT-0

1163o10 t3,s)S1

11660 tZ5.

11670 241125)43004

11690 PRINT OFOACTTON SPELTENEC01I

11710 IF wtl1~o *A0 %*0.0 TI-E# 11740
11720 PRikr RR0naw us ihpuy* -

11770 If rv~ml foft% 06600

11790 PAINT SCI-ANGE TI( WA~ULT TIiQ. SCQUtiNCISMYS 00 41 i*1

1 160O INPUT 0?"

11870 D*.2

11440 IF LIM..oe 11-h 019200

11900 POINT *E0'(ORFP FILLE*$ AIO WE$0
11910 0PTO 1141

* ~~ ~- ,(iiq". oatpue p.

U-2



11920 FfLE =0: *GET,;+. S "
11930 PRINT

11950 F6=2- I 1960'"GOTG+0 5 O.. ... . .... . .... .. .. . .•.... . ... . ..

11970 REM *BRANCH TO BUILD A VP-ACCEPTABLE OATA rILE*#
"11980 0=4 .
11990 FILE =D*$VMIAPUT$

12010 PRINT -0# 0S.. •Z2PRINT -•;IO1OI•;1 ......................-....
12030 PRINT =C USING 12040Zl12'3)9Z(3,4)
-12040TS5...... . . .

12050 PRINT SC USING 12060,Z(1,5)#Z(3v5)

12070 PRINT ED USING 12080sZ(1#9)9Z(3s9)
-I2080-Xl "•=S-_: . . ..... . .. . . .. . . .... ..

12090 PRINT S5 USING 12100,Z(192)9Z(392)
, 12I,00 = =:,::

12110 PRINT ED USING I2120vZ(I,3)9Z(3.3)

12130 PRINT ED USING 12140#Z(1,135)9Z(3#135)

- 12150 PRINT ED USING I21609Z(1I6)sZ(396)• • .... •~~2160-", SI .E .• • •... . ... . . . . ... . . . .. ..

12170 PRINT S6 USING 12180sZ117)tt(3#7)

12190 PRINT =O USING 122009Z(l,137)9Zf3,137)

"12210 PRINT =- USING 122209Z(Q98)9Z(398)
.12220r•:= ..
12230 PRINT =- USING 12240,ZQil16)#Z(3#16)

12250 PRINT ED USING 12260*Z(1*!9)9Z(3#19)

12270 PRINT S0 USING 12280#Z(1ltl)Z(3o10)
• , ~~12280-:SS......

12290 IF 2(2#10)zl THEN 12320
123~00PRINT 2- USING jt~t~~t'
1231025555 .S:Zz

12330:5S 5.
12340 PRINT- -S'IN NO'-t23S~0iI•tl.'Zt3,1 . . .
12350:S5S 5:5.::

12370 :5555 ===°E==E
.'12380 PRINT - i SiNG'12392CL #(101) Z(3,901 .

12390 5555 5.
12400"PRINT =O USING 12410#Z(ltl02)sZt31l0?•.
12410 I5==5 =.

12430 ,-Bi5 5-5.
12440 PRINT EC USING 124S0sZ(ji03~iZ(3s103)
12450 :5553 1
12460OPRINT =C USING 1•470,Z(l141)iZ(3141)
12470 :5555 .55m *
12480 IF Z(2910)a1 ThEN ?53Q
12490 PRINT EC USING 12500sZ(1#13)tZ(3v13)
12500:5555 :==m .
12510 PRINT SC USING 12$520Z(1,1043tZ(3,104)
1Z520 :1 5 .3 .... .
12530 PRINT SC USING 12540*l11142)?Z43*142)

12550 IF 1(2*lf)ll THEN 12600
12560 PRINT 50 USING 12570,#Z(j,4)vZf3s141
12570 '5555 5555.5
12580 PRINT ED USING jS90,Zjt,153.Z(3oj51
.12S90 :555
I1600 PRINT 3C USItG'-1Z6IOlZ(I,183.ZI3......
12610 :5555 5:::.::

FIGURE B-2 (continued)
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12620"PRTNT =C USING 12630iZ(1917)9Z(3o17) .
12630 SiS M ::.:... 12640 IF WSsmOYESO ANO G5<>0SF9LANK#'THEN M2660
12650 GSz*SFBLANKK

12670 tici• _ :

12690 t22 Z
-I27~Pw~r~~rrNG1lO-iZil iZ3TiMT-~23V_---

12710 IS3ES
Iji ~ ~ ~ ~ ~io- 1105; :UUIUi'vizrorn-170S)

12730 l .

12750 PPINT SO USING 12760#Z1,1061,Z(3,106)

12770 PRINT SC USING 12780tZ(1,1I47)Z(3v147)

'12790 PRINT 2C USING 12800,Z(1,146)0(3,146)
--1* S0 42-M-2-: :0-

12810 IF Z(3.155)a999 ThEN 12840
12820-PRINTC o -iNGi"m2830i Zr s,155)iZt391SS). ..
12630 tiji:
Ica'Urtu FOR'' iuT~ ly 2

• 12850 PRINt =0 USING 12860#Z(ItK)9Z(3vK)
'12860" ---- ---
12670 NEXT K

12910 PRINT ED USING 12920oZ(IK)9Z(39K)

12930 NEXT K
12940 PR`INT---:0JTNG 1 295r0Z ft M) iLt ........
12950 iziii :=ixz:xz:

12990 CLOSE 5C
13000"FILEII'=191 Ttw4F.. . . . . .
13010 CLOSE S1

13030 FILE E116 *GET,#.GS
'13040"CLOSE' 1l - ... .

13050 PRINT
13060 'PRINT-*TPANK'YOU 'FOR US[I HEU ...........
13flT0 STOP
-13050 IF glit#ilD35gj1 IuEW. 13120
13090 F~m0GEOvN4
-13100 "G alECNY4 .. . .. .
13110 OTO 13320"•: "~~~~~131?0:!V"T(t•Zl€l)3e1Z ThEN-13160.........

12130 Fl-sEOMY60
13140 G.i0SFeLANI(#
13150 00O0 13320

"13160 tV'ZTE4"Ykc#'611 TPEN'13200. .
13170 FIuOGEOLAIe
13180 03.SSLAN•d ....

13190 00f0 13320

13210 fte#CEOLAPO
13220 6aS9ShK.
13230 GOTO 13320
13240 If Z•v2.R v) 2211 TPEh 13280
13250 FI.aGE06 NC1

13o70 O 133C••W
W130 PRINT ET..ISGEOGRAPIO1C FILE 0OES NOVEXIS.e
13290 PRiNt *PLEASE NE-ENTER b-1S VALUE* OR TYP{v
13300 PPINT OTOE WOAL STOP TO END M$E PROC04-.*
13310 064v

FIGURE B-2 (concluded)
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00010 BASE I
-00920-01M .t3......~
00030 D19 C3(27#18)

-000w0Gr a sc
00050 F400_______

00080 Z(,I*,25lx3004 -

00090 78.0

00110 PRINT sTi-IS SPILL SIM4ULATION IN THAT ORDER--#
-00120- PRINT- -- *-*-*--

00130 PRINT *EXAMPLE-- SMITNiLNG SPILL' NEW YORK$

00150 PRINT____

00170 N2SivOATS
001S0"PRINT *WELCOME TO TIHE UtiHS . .-. .

S - 040190 PRINT 0TH IS PROGRAM' IS USED TO ACCESS THE VULNER4ABILITY MOOEL*O

00210 KSN*YESN -

00C220-PR!NT-W't-VW-CflFN-STLArCE-rt~e AL-SP~ttt-N HEIrPOSIS
00230 PRINT $CONSEQUENCES AT TH-E FOLLOWING PCRTS10
00240 PRINT"................- .. -

002S0 PRINT 0 LOS ANGELES*
00260 PRINT 0 - NEý ORLEANSO . -

002?0 PRINT 0 NEW YORK*

00290 PRINT *IF YOU ARE thTEhIESTEO IN SPILLS AT OTHEW LCCATIONSss
00300 PRINT *ASK TOE 'VO PROJECTOFFICER FOR "ASSISTANCE.N......
00310 PRINT.
00320 PRINT *Oo RUN A SPILL SIPULAT1ON "YOU I'LST-EIThER PHEPARE A NEW*
00330 PRINT *INPUT FILE (CATA LIST) OR USE A PREVIOUSLY FRLPAHED INPUT FILE**
-10340-'PWZKT-*NtTER--TVwORCc1V-I--YCU--WISH' TO-SE--NC-EC-I -AN OLOW-- --

00350 PRINT *INPUT F1LE.o OTHERWISE9 ENTER THE WORaD NEW AFTE14 THE*
00360 PRINT *QUESTION PARK AND DEPRESS TIV CARRIAGE RETURN KEV'.:
00370 INPUT VS
00380 IF VIS0OLCO TPEN -00410.............

.00390 XisOPREPAREC*

00410 XlsWREQUESTED0
00420 If VS * OLD* OR V1*0NEW* THWN 0460......
00'30 PRINT *INPUT OUST Q~E EITHER NEW OR OLO$
00440 PRINT OPLEASE REENTER*
00450 GOTO 00370

00470 GOSUR 17740%k
00440 PRINT

00500 PRINT *TO PREPARE YCUR INPUT FILE# ENTER'THE APPROFRIATL INFOR-0
OOSIO PRINT N0dATON FON EACP SET OF QUESTIONS OR DATA REGULST dELOw.0
'00"20 'P PT VWCE0' LS OS'YOU- W ILL-V *0 IVEN-T-WO -iPTIOXN IV-
00530 PRINT
00540 PRINT 0 OPTIOK It IF YOU NEED INSTRUCTIONS OR AOUITIONAL INFOR-0
00550 PRINT 0 OATION TO HELP YIJU PREPARE THE INPUTS* ENTER THE *UOW0
00500 PRINT 0 INFO$
00570 PRINT
'00550r PRINTh 0 .OPIO#K fl1-t YOU-00 NOT' NEEO-INSTRIICTIChbi ANO YOU Amk*-
o0050 PRINT 0 PREPAREC TO PROVIDE THE DATA REQUESTECIP EWL4Ti THE *ONO#
00600 PRINT 0 INpuTN
00410 POINT
00620 PRINT $IF YOU WISP TO CHINGE ANY OF TPE VALUES AFTER YOU HAVE$
00630 PRINT OWNEACCL THE" W, AIT UNTIL YOU "AVE COt4PLETEC TOE WNIRE$
00640 PRINT OINPUT FILE. YOU WILL. THIN OE 0Ivc.N THE OPPORlTUNITY TO*
00650 PRINT #telT Ake CORRECT YOUR INPUT FI~*
00660 POINT
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_ 00670 PRINT *BE SURE TO ENTEm ThE UATA IN THE PROPER FORMAT AND IN IHEO
00680 PRINT *PROPER UNITSo.wORC ENTRIES NEED NOT BE ENCL-CStO IN Q0OTESe,'":a.00690 PRINT *NUMBERS MUST 6E EhNE4EO IN DECIMAL FORMAT. SCIENTIFIC*"-00700"-PRIN'T--*CRO'-EPONENTIAL- NOTA•-IO-IS, NO,-ILtOwEOT*-* ..
00710 PRINT

-00720 PRINT *YOU CAN ENTER"OUAK7ITATIVE DATA IN-EITHER MKS" (NTER-•dLOGWANOSEC0NO)*
00730 PRINT $OR BRITISP UNITSs BUT YOU CANNOT USE BOTH IN ONE INPUT FILE**00740 PRINT *WPICH O0YOU PREFER**....... ....... .00750 PRINT *ANSWER EITHER MKS OR BRITISh.*

"VO•?0-NPUT--W

00770 IF'WS a*MKS* OR MSx*8RITISH* THEN 00810" 00780 PRINT *YOUR ANSWER'NUST eE EIT"ER'NKS-CR"URItISFK.- .
" .

00790 PRINT *PLEASE RETYPE YOUR ANSWER*
00800 GOTO 007 O . . . . . . . . . .. .. . .. .
00810 IF WSu*mKS* THEN 00S80

00830 G0 TO 00850
-00840 F1*2 ...

00850 Z(1.120).20
00860 Z(2,120) i.Fl -- -m-.

00,TO PRINT
10V880-PRINT"""
00890 PRINT *THE FIRST ThREE INPUTS REQUIRED DESCRIBE T1E CHARACTERISTICS*"00900 PRINT *OF THECHEMICAL CARGO PRIORTO THE' SPILL. TIESE'ARE TPEO
00910 PRINT *CHEMICAL NAME* THE TEMPERATURE AND THE PRESSURE OF THE*

""00920PRINT-OCARGO'iIThIIN'TE TANK IN ATMOSPHERES,.FOR T E NAME OF*
00930 PRINT OTHE CHEMICAL s YOL WILL NEED TO SPECIFY THE IttREE LETTER*

--0V40-PR'INT -CFE9TCA--C00E'F,"T'-.
00950 PRINT
'00460 PRINT *REQUEST INFO'IF YCU O0 NOT KNOW THE"COOE OR NLED INFO01 "00970 PRINT OMATION ON CARGO TEMPERATURES ANC PRESSURES. ENTER EMITLRA
00980-PRINT *INFO OR INPUT*$ .. . . . ..

00990 INPUT WS

01010 PRINT *YOUR ANSWER MUST BE EITHER INFO OR INPUT*
01020 PRINT *PLEASE RETYPE YOUR ANSWER* .....
01030 O0OT 00990
01040 IF WlUzINPUT* THEN 01060........................-- 

.....

01050 GOSUS 13960___Th:W-T03-FT"Irk,-TFEN-(rura0 - ----

01070 01$**CELSIUS,0
01080 O021aOCUPIC PETERS*.........*'..- -- -"01090 035a*mETERS.$
01100"04gm#METERS'PER'SECoNo...
01110 GOTO 01140: •.,, "Orl*20-v0Tf -lwr'Aq-vNTrEIT4-Ir-
01130O 2STHOUSANCS OF GALLONS.*
01140 03Sa#FEETso
01150 O14sfFEET PER SECONCA
01160 IF F•-1 THEN 18090
01170 PRINT #ENTER ThE THREE LETTER CODE OF THE CHEMICAL INVOLVEOs
0 1180- PR I N -* I N-T SP ILLWf-....-- --.-. ,-.-..-• 0111#0 INPUT W4

01200 GOSUR tlq30
01210 IF F~ul r•TýN 01300
01220 PRINT IKNPUT MUST HE 0 VALID CHEMICAL COUEL
01230 PRINT *IF YOU NEEC INFOROATIoN PLEASE TYPL INFO OTHlEvISEs
0 1|24O"PRTNT"0PL ENSE 'RE-ENTER -'"r A•MPOPI'&rE"C"MEMICAL-COC . ...
U1250 INgUT w$
01260 IF WmIsINFOO THEN 01280
01270 ()OTO 01200•..01240 G0SUO 13960
01290 GOTO 01170
01300 41Smo%
01310 PRINT ERNTE7 TE TEMPERATURE OF ThE CARGO P.IOk TO 1"E LPILLS
01320 PRINT USING 01330.011
01130 $IN CEGREES ilsEHHi
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'01340 INPUT V --

01350 Z(292)sw_____

1' t4370 IF r182 TOEN 01400
01380' Z13tl)xtw-32)*(tS19 .

01390 GOTO 01410

01410 Z(321s!x23
$ ~~~~01410 Z(1s10':)20(q17301 ____________a_______16_____

01430 Z(3*103)xZ(3,2)
0144Q1'f f4*VTPEN '09740' ' -

014S0 GOTO 01490
0146 ~PINT T~t TENERAUREIS BLYON '*THE -RANGE- OF 'THE* Vito*- .

01470 PRINT *PLEASE ENTER ANOTHER VALUE ONa TYPE STOP---*

01490 PRINT *ENTER. ThiE TANK PRESSURE PRIOR~ TC THE RUPTURE IN ATAOSPi-ERES*
01500 INPUT'W ..... ..- -... ... .....

01510 Z4Z,3)xW
01520 Z(1012~2005,-
01530 7(3*3)xw*1000000 ___ - .- -

01550 PRINT
.01S60 PRITNT" ~ - . . - . . . . . .

0157.0 PRINT OTe.E NEXT T14REE INPUTS R4EQUESTED ARE THE CAPOCITY9 HEIGI'T. AKOO
0ISS0'PRINT *FRACTION'FILLED OF THL*PUPTURED TANK(Shts
01S90 PRINT *ENTER EITHE.R INFO ON INPUT$

"-01600OTNPUrws-
01610 IF WSx5TNF0* 0k US*VINPU7* THEN 016S0
01620 'PRINT *YOUR' 'ANSWER M~UST 'SE "EITPER' INPUT 'OR INFOS -.
01630 PRINT *PLEASE RETYPE YOUR ANSWER*
-01640'GOT0 01600. .... -.....-

01650 IF W~usINPUT* THEN 01600

01670 PRINT USING O1680O21
.01680 $ENTER' THE'CAPACITY *OF-'TI'E-TANK IN -JNItS~-OF
-01690 INPUT W .. .

01700'Zi')W
01710 7(1*4182001________________________

01730 7(3941uw%376S000
01740 0070 '01760 --.-- - -- . -.--.. .- ,. .

01750 Z(3s4)nW*I000000
01760 IF F~mI THEN 01950 . . . . . . .

01770 PRINT USING 017e09035
-"?$0- IENTER' THE- HE TOP? THE-BUNK-1' M ~ - -~

01790 INPUT *
01800 Z(2#9)8% ..- . .".. .

01810 Z(1.5)82002
01620 IF FI%2 TIhEN 01b0 .

01830 Z(3,)NW030*40
'01840 GOT"10O80
01850 Zt3tS)u*4100
01960 IF F01X, THEN 09740
01870 PRINT *ENTER TOC FRACTIOX Of TOE TANK FtLLEO.*
01880 INPUTw
01090 IF v4ucul00 THEN 41930
01400 PRINT '*V0UkRAk5%tR PUST-HE* LESS THEN'1IO*00; -. .. ..

01910 PRINT OFLEASE mETYPf YOUA ANSWER*$
01920 GOTC MAOR
01430 1(206)aw
01940 Z(I#618200?
01950 Z13t61mZf3s13t)4Zt3s4)*Z12s6)
01960 If 74.1 THEN 04740
01970 PRINT
01980 PRINT $TOHREE INPUTS AAt REQUIRED TO OESCRIUE TsE Slit AND LOCAl IONO
01990 PRINT OOF T"E kUPTURE. TO-ESE ARE TOL DIAHETE4 Of T~t "OLE* TKOR
02000 PRINT HE IGOT OF THE1 "ULK#S CENTERLINE ANOVt THE hAIt94LINE0
02010 PRINT 04NC THE HEIGHT UF THL OOTTOO Of THE HOLE ABCVt ThEs
0?020 PRINT *8OTTOH COF TPC TANK. C-4TER EITHEF 010O Ol IkOUtoo
02030 INPUT WS
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0204,0 IF w~uvtINPUTM OR wS**INFC* THEN 02080
02050 PRINT $YCQR ANSWER M'UST BE EITh-ER INFO OR INPUTV
02080 PRINT *PLEASE RETYPE-YOURAINSWERs
02070 OOTO 02030 _______ __________

02090 GOSUS 1244.O011.3 -- OEI----------
tK --~~~02100' PRINT USING 2Ii3----

02110 :ENTER TI-E DIAMETER OFT11E HL N<Zz
02120'INPUT W . .

02130 IF~w-O Tt'EN 02160
-'U~~~r~~rPRINT~~ VRO~ ~ Z uT5~*~OStrT VEr N N-ZERVr'NUM8ER .

d 02150 GOTO 02100
02160 Z,(2i7)*b . - -- --

02170 Z(Is7)*200M

02190 ZC391)uw*10_________________

02210 Z(3*1)zw*30.48
02220"M91,02)"2029.......- . --

02230 IF Z(397)~1O0 ThiEN 02260
4-2240 7Z(147102il"
02250 60TO 02270

02270 IF F4*1 ThEN 09?40
'02280' PRINT '*ENTER '71-E 'IE-GHT- CF- THE hOE C ENTERLINE- AtiOVE-THE*-
02290 PRINT USING 02300*03S
02300 :WATERLINE' IN'i:~

030INPUT W _____________________________

02330 Z(1.8lz2015
'02340 IF*1Ibl TI-EN'02370 -- .* -

02350 Z(3*8)a%*100
'02360*Goro002380.... - -..- -- --

02370 Z(3v8)frw*30.4e

02390 PRINT $ENTER TOE *EIGH*T Of THE BOTTOM CF THE HOLE ABOVE TH4EO
02400 PRINT' USING'02410-03s-- - -

02410 $BOTTOM OF TOE TANK IN 42mmZZUZ
02420 INPUT W . -- . .-. - - .-. . -.-

02430 Z(2t9)aw ________ _________________

02450 IF f1.2 TPEN 00480

02470 60T0 02490
02480 Z439918W#100-
02440 PRINT ____

02510 PRINT
02S20 PRINT
02%30 PRINT
02640 PRINT 0 TIHE NEXT SERIES CF INPUTS ARE KEEDED BY TI-k VP TO COMP~UTE*
02550 PRINT *TH-E SOPEA0IN0, PIXING. AND EVAPCRATION Of TI-E SPILLC'D CAMNaO*

*02~vPRTr RPTP-1s'NEECED-lrrTYPET'yOF-WATER--UPON - il lCl TPV`SPItL9
02570 PRINT dOCCUAS ANC THE wATER TEOPERATURE. IF IN A CPANNEL OR#
02510 PRINT *RIVER* INPUTS ARE THEN REQUIRED FOR CHANNEL WIDTH. Or'THOO
02590 POINT OVFLOCITle ANC ROU614NESS CF ThE BANKS. IF VOL mE9JUEST
02600 PRINT OINfO. MdATERIAL'WILL lit SUPPLIED ON NEPRESENTAtIVE VAtjtSsA
02610 PRINT ACU THISE. VARIABLES FOR RELEVANT U.S. PORTS*0
02620 POINT $ENTER EIT"ER INFO OR INPUTO
02630 INPUT Wl
02640 IF wlomeI'JOW R wlsM~IpuTo THEN 02690
02650 PRINT OVCUR ANSWE~R OUST BE EITOER INFO OR INftT*
02660 PRINT OPLEASE RETYPE YOUR ANSWER*
02670 0070 02630
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.02690 IF W5:0INPUT# ThEN 02710. . .

02700oGOSUS-14o58-
02710 PRINT #CdES TI< SPILL OCCUR IN RELATIVELY OPEN WATERS(AT SEA O.Ri
02720"PRINT $IN ThE PORT)"OR DOES" 1TOCCUR IN A.CHANNEL-CR.RIVERi.":-
02720 PRINT $ENTER 1 FOR OPEN WATERS AND 2 FCR CMANNEL O RIVtR. .

-02-•--•NPUT-V-r-
02750 IF W21 OR W=2 ThEN 02790i
02760 PRINT fYOUR ANSVER'CAN" ONLY' E -OR'2.
02770 PRINT $PLEASE RETYPE YOUR ANSWER*
02780 GOTO"02740 .
02790 Z(210)=w

02810 Z(3,101)aW
"-02820 Z(I.10)-201.

02830 IF ial ThEN 02860
02840 7(3910)1 ..
02850 GOTO 02870

02870 IF F4al TI-EN 09920
02880 PRINT USING -0289001$-- . . . . . . .
02890 :ENTER ThE WATER TEMPERATURE IN DEGREES <E--------
02900 INPUT W ....... . . .........

02910 Z(2,11)*_

02930 IF FIat ?IEN 02990
02940"VF W)-5"AND'-W<50THEN 02970

02950 PRINT #ERROR-- TEMPERATURE IS OUT OF RANGE**
02960 GOTO 02880 MO.O. .............
02970 Z(3.11)zw

02990 Z(3,11)a(W-32)*(5/9)
03000 WVZ(3,111) ..... .......
03010 GOTO 02940
03020"IFFA)O ThEN 0970o .....09. .. .........
03030 IF Z(29101al ThEN 03550
-'301.r 'PRINT-US ING 3050*9O3s ---
03050 SENTER ThE wICTh OF THE CHANNEL OR RIVER IN--------
03060 INPUT W ... . .
03070 Z(2,12)*%
03080 Z(I12)w2120... ....
03090 IF F1i ThEN 03120

'"300"Z(3'oI2) 10-
03110 GOTO 03130
03120 Z(3*12)uxw30.4° .
03130 Zfl.104)t20.5
03140 Z(39104)'Z13,1* )
03150 IF F4mR ThEN 04740
03160 PRINT"US•EG--03l7031 -.......... ...........

03100 $ENTER TiE AVENAGE CEPTN OF THE RIVER IN <S:EE::.
03180 INPUT '
03190 (2.I3)Ma
03200 ZI1,31,62044
03210 IF Flat TTEK 03f40
032?0 tt3.13(u'1O0..................... ......... ...
03230 GOTO 03250
03240 Z(3sl3)m%*30.4b
032S0 If F4m2 TOEN 004it0
03260 PRINT OENTER T1i AVERAGE VELOCITY OF TOE QIVERP
03270 PRINT USINO 03U0004S
03280 tFLOw Ih 42i----------
03240 INPUT w
03300 f(2o14)a%
03310 M91681m2047
03320 If Fiat ThEN 03350
03330 4931690'.'I0

03340 0O 0330 .... . .. .
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( ~033S0 Z(3*14).w*30.4.U
03360 'IF F4x2 THiEN 09740
.03370 PRINT *DOES TH-E RIVER OAVE CLEAN STRAIGHT BANK5(i)0
03380 PRINT OVOCERATELY RUOUH. STONEY 8ANKS(2)*
03390 PRINT *OR VERY SLUGGISH AND wEECY BANKS(3)* ____

-. V340rPRINT-lENTtR-t,-?r'0R 3#--
a 03410 INPUT W

03420 ITV Wa OQRW*2 OR'Wz3-HEK'3460-.......-
03430 PRINT iY0UR ANSWER OUST 1, 29 OR 30
03440 P`RNT *PLEA 'SE RETYPE YOUQ ANSWER*.....
03450 GOTO 03410 ____________

03470 Z(I9I51u2052
03480 IF 'liz OR 'W3 TIHEN 03510. ...... . . .

03490 7(3*15)**03 ___

'03500 GOTO 0355 * - .. -

03510 IF Wx3 THEN 03S40
03526'Z(3i510S'o
03530 GOTO 03550
03540 Z(3*15)*.10
03550 PRINT
'03560 IF F4w2' OR 'F4al' THEN 09740 ---

03570 PRINT ______ ___ ____ ____

03590 PRINT OTH-E NEXT FOUR INPUTS ARE NEEDED TO UETER#4INE. TtHE*
03600 PRINT *VAPOR'CLOUD0-CISPERSION;-THESE APE THE WINO SPLEO,**
03610 PRINT *WIND DIRECTION. AIR TEMPERATURE# ANU ATMOSPl*EmIC*
03620 PRINT *STABILITY*'* . - - --

03630 PRINT $ENTER EITH-ER INFO OR INPUT* ______

'0764fftNPUT-W5 -

03650 IF wSa*IKF0$ Ok WSvOINFUTO THEN 03890
03660 -PRINT $YOUR- ANSWER* OUST eE-EITHER INFO' OR lNPUT.**
03670 PRINT sPLEASE RETYPE YOUR ANSWER,$
036WOO6T0 03640-~~ -.----. -. ..

03690 IF wlu*IKPUTO TPHEN 03710
-V370VG0SO5-I3Tau
03710 PRINT USING 03720.045
'03720 IENTER Ti4E 'AVERAGE 'WINO 'SPEE.UIN 43f2=2--------ic------
03730 INPUT *
03740 Molflo)w.........-.. - . .

03750 Z(lvl6)*2016 ____ _____ ____

03770 Z(3*16)uai'100
03780 GOTO 018000 - . . . . . .

03790 Z(3s16)sW#30.48
03800 IF F4al THEN 10020
03810 PRINT *ENTER THE ANGLE BETWEEN THE DOWNWIND DIRECTION AND*
03820 Ptr#CTP*EAUE -" OESCLOCKW ISE-FRON NCRW.,' -.
030i0 INPUT W
03040 IF wim0 AND W4360 THEN 03480
.0350S PRINT NYCUR ANSWER OUST eE LESS THAN 3t0 ULGREESo$
03860 PRINT *PLEASE WETYPE YOUR ANSWER,*
03470 GOTO 03030

03A90 Itle1713?05
03900 Molfl7)i
03910 IfF 491 Tog OV?40
03920 PRINT UStNG 03930.011
03930 IENTER TPE AIR TEOPEREATugE IN CEGIRUS ASESE- ~ ims
03940 INPUT
03950 Z(2011184u
03960 z(Il.8)w20s4
03970 IF F1.1 THEN 04.030
03960 If WtS0 AND 031-41 TIHEN 04010
03490 PRINT 0ERPOR-- TEOPERATURE 11b 0lT Of RANGE..
06040C 6070 039p0 o . . . . ... . . .
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04010 Z(3,18)sw
04020 GOTO"0404VO -

04030 Z13vI8)s(W-32)*(5/9)
04040*WxZ(3,18~ -

04050 60TO 03980

04070 PRINT *ENTER TOE ONE-LETTER COCEFOR THE PASQUILL..GIFFOHO*
04080 'PRINT $ATMO'SPFERIC-STABILITY CLASSI -8s UNSTABLE.#*' .

04090 PRINT *CxNEUTRALs AND FzI-IGHLY STABLE.$
04100 PRINT *ENTER 6909OR'Fos
04110 INPUT WS
wTZQ IFwsv--R-w'-O-fM7-h~ EO
04130 PRINT *YOUR ANSWER MUST OE EIT)'ER Be 09 OR F.*
04140 PRiNrT*PLEASE RETYPE YOUR ANSWER*- - ..

041S-0 GOTO 04110
04160 Z (1 *19)YOZ0I7 -.-..- . -. . -.----

04170 M9SzWS

04190 ZC3.9)u
04200 60TO 04250 . - .--.-

04?10 IF WSx*E* TH~EN 04240

-04220 Z43 19)24 -.. . .

04230 GOT; 042S0____________________________
-0424 0- Z (V197u a? -
04250 PRINT
04260 IF*F4=1 THERV 09740- . -..

04270 PRINT
04280 PRINT *TIFE NEXT THREE INPUTS DESCRIdE THE POSITION OF' THE SPILLt#
04290 PRINT *I.E9# LATITUCEt LON6ITUCEs AND kINDWA14D DISTANCE FROM rHes

04310 INPUT W1
04320 IF %5$*INPUT* OR W5U*INFO**THEN 04360
04330 PRINT *YOUR ANSWER MUST BE EITIHER INPUT OR INFO*$
04340 PRINT *PLEASE kETYPE'YOUR ANSWERs*
04350 GOTO 04310
-0-4360EIF*Wfxt IN`PV1M~~#80t
04370 GOSUB 14910
04380 PRINT .- . . . . . .. ~
04390 PRINT
04400 PRINT *ENTER THE LATITUDE OF THE SPILL IN DEGREES* HINUTES90
04410 PRINT *AND SECONDS NORTH OF THE EQUATOA**

04430 PRINT *ENTER ThE OEGAEtS FIR5T*
04440 INPUT W .

044S0 WaINT(W)
04460 IF w 4089 THEN 04500
04470 PRINT PCEGREES ENTRY FOR LATITUCE MUST BE LESS THAN '40#0

04490 OOTO 04430
04500 LISuSTRI(W)
04SI10 IF LEN(LII)w2 TH-EN 04S30
04520 L1Su0Q0*L1S
04530 PRINT *NOW ENTUR TI*E MlN4TES*$

04S50 WaINT(w)
04S60 IF U 6A THEN 04600
04570 PRINT fMINUTES ENTRY MUST AL~AAS BE LESS THAN 60.*
04580 PRINT OPICASE NETYPE YOUR ANS460*0
04590 GOTO 04b30
04600 L2ISTR(W)
04610 IF LEN(L211*2 11e.N 04640
04620 L216i000*?S
04630 PRINT SKOW ENTER T"C SkCCNOS.*
04640 INPUT W
040~0 WaINT10l
04660 If 4400 T$-!N04v#O
04670 L318S0000
0'46a COOTO 0'.770
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04690 IF < 60 TH-EN 04730
04700 PRINT *SECONDS ENTRY MUST ALWAYS BE LESS ThAN 604

A 04710 PRINT *PLEASE RETYPE YOUR ANSWER.*
t--47Z6UrvTO -OAF630-

04730 WwIKT(W)
04740' L3S~tSTRS(Wt..........- -

( 04750 IF W>&10 THEN 04770
04760 L3S2*OW.L3V
04770 L7$20.S

-. 04780t-LSl,)s=11v?+L*L2?S.L1f-l-------
04790 Z(1,20)'6010
04800 PRINT..................
04810 IF F4sl THEN 09740
04820 PRINT $ENTER THE LONGITUCET OF THE SPILL"IN UEGREESi MINUTES.*
04830 PRINT *ANC SECONDS WEST CF GREENVIChos

04850 INPUT V
04860' WsINT (W) ... . . . . .. - --

04870 IF W4180 THEN 04910
04880*PRINT"*CEGREES ENTRY'FOR-LONGITUOE MUST SE'LESS THAN 180.*
04890 PRINT *PLEASE RETYPE YOUR ANSWER*$____

-V49'0"UrTaO`4-84Q---___ --

04910 L4S=STRS(W)
04920 IF LEN(L4S)u3'TlEN046 -. . .- --

04930 L4Sa*O$+L4S
04940 IF LENCL41)*3 TFEN'04960
049S0 L4Sm*0*+L4s __________

--04960PwNT-*KW1 vENTER-Tn-r-vNUjTEs" w
04970 INPUT W
04980 Wx!NT(W)'. . . - . . . .

04990 IF W 4 60 TOHEN 05030
05000 PRINT $MI!NUTES ENTRY--UST' ALWAYS 8E LESS 'THAN '60$ -

05010 PRINT *PLEASE kETYPE YOUR ANSWER*$

05030 L5SxSTR$(*)
"05040 IF LEN (LSTY82 -TgEN *0906-.
05050 LS~a*O**LSS
05060 PRINT WANOW'ENTEP THE SECCNOSS..........-
05070 INPUT W

05090 PRINT *SECONDS ENTRY #4051 BE LESS THAN 604,
05100-PRINT 'OFLEASE RETYPE-YOUR ANSWE5A.$0,. .

05110 0010 05060
05120 'W*ROF(W)
0S130 WvINT(#W)

05150 L?$R*s$
05160 IF ¶.0a10'TbEN 05180
05170 L6iu$0$.L6i
05100 LS12)wL41#L5S*L6l#L7S
05190 Z41#2080v011

05210 PORINT
05220 PRINT *ENTER TOE DISTANCE FROM THE SPILL TO ThE SHCRE ALONGO
05230 PRINT USING 052409031
0S240 IT"E DIRECTIOk CF TH-E *INC IN
052S0 INPUT W
0S260 Z4292218&
05270 REM OCALC TIME FROM THILS W*
05280 PRINT
05290 IF F4*1 TIHEN 10020
05300 PRINT
0S310 PRINT 004E NEAT INPUT OILL SP'ECIFY TNE TYPE Of 0AVA#bL YOU*
09370 PRINT 9WetNVCOPwPVTEC' raR 'THE EOGOOAP141CAL AMEX' UITH lt WH*ICH YVUU
05130 PRINT *%AhM TPE DAMAGE CCmPUTe.Cas
OS340 PRINT OMERT EITP4R INFO OR INPUT#6

050INPUT wI

FIGURE B-3 (contirnued)
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05360 IF WSn#INPUT* CR WSUAINFCO THEN 054Q0 .
05370 PRINT *YOUR ANSWER PUST BE EITHER INPUT OR INFO.*

f @"S7RO' PR I NT--*aPLIE- REtYPE- YOUA--ANS Ew .
05390 GOTO 05350 5*45400'IF W x'S" IkPUT# T'Y'K 05420 .... .. ..........--.. . ..---.... ..•....

05410 GOSU8 15200
OS420 PRINT --....
05430 PRINT • TPE CODES FOR THE TYPES OF DAMAGE TPAT CAN bE*

-M4V-OPRTNr-"COPlPUTTl -TIr-IE VPRE-TME-7 Ot CwNI F.,
05450 PRINT
05460 PRINT -0 '1 a TOXLC OARAGEO......................... .........
05470 PRINT
05480PRINT * 2.=-FIRE DAMAGE FROM POOL EURNING (DUE TO 8URNING• .
05490 PRINT s OF SPILLED LIQUID ON THE WATER)*

05510 PRINT 0 3 a FIRE DAMAGE FROM' FIREBALL (DUE TO RAPID0
05520 PRINT .. -COMBUSTTON OF L•OUID-VAPOR-P*IXTUREI- ..........
05530 PRINT
05540 PRINT * "'* "FIRE DAMAGE FRCH FLASH FIRE (DUE TC 8URNING Oý*
05550 PRINT * OISFERSEC VAPOR CLOUD) OAMAGE FROM EAPLOSIONs

" 05560-PRI- OlPTIE 'VAPOR-Ct'OUD ISA"L0- COMPUtEt--wHEN-ThIS- OPT ION*-
45570 PRINT p IS SELECTED*
05580' PRINT........................................
05590 PRINT *ENTER TI-E NUMERIC CODL FOR ThE TYPE OF DAMAGE YOU ARE*
05600 PRINT *INTERESTED IN. ONLY ONE CODE"CAK BE ENTEREODFOR ANY*
05610 PRINT *ONE RUN**

05630 IF Wal OQ Wa2 OR Wa3 ON %a4 THEN 05670
05640'PRINT ' YOUR ANSWER MUST BE- I 2 3. OR3v 00' 4.
05650 PRINT *PLEASE RETYPE YOUR ANSWER.*
05660 GOTO 0560. .....................................
05670 Z(1i23)*9003

05690 Z(1#106)a5006
05700"2(2s223)1 . . . . .... -i.. ...
05710 IF Zt2,23)-l OR Z(2*23)a4 THEN 05740
05720 Z(3106)xZ(2t23) .....
05730 GOTO 05750

•i-057'40"2"rr9 I06"tN•-

05750 IF 7(3.144)1 AND Z(3.145)ul TPEN 05820
05760 IF Z(3*145)zl TPEN 05820
05770 IF Z12*23)02 OR Z(2o23)a3 OR Z(2923)04 THEN 05820
05780 PRINT *T7- CHEMICAL SPILLED IS NOT SUFFICIENTLY TOAIC'TO CAUSE*
05790 PRINT *SIGNIFICANT TOXIC 0AMA6E* A RUN REQUESTING FIRE UAMkAGE ISO* 0""5800-PRt 1R?'e!'OMKENDEC'i' --- - - - - - -* - --

05810 OTO 05420
05820 IF Z2.23)u1 TI-EN 05050 .
05630 (323)a31

40540 OTO oS6o0
05650 Zflo.3)a0
05660"REV 'OTPIS'"TO" EUI'TYPE OF C"EMICALO................
S0570 IF Z(3,1441)a AKD Z(3,145)1 TI-EN 05930
o058O IF Z(3.144)o1 TI-EN 05930
05890 IF M(2.233l TPEN 0593O
OS900 PRINT OTHE CI-EPICAL SPILLEU IS NOT FLAPMABLE, OvENCh TPEkE CAN bis
05910 PRINT ONO FIRE CDaAGE. RUN REOUESTING VOXIC DAMAGE IS RECOPMENUEC9.
05920 GOTO 05420
OS93P IF 2(2.23)31 T"EN 05960
05940 2(3.1051.0
05950 GOTO 0b970
05960 213.1051*1
05970 PRINT
059@0"IF P401 TkEN"IO2JO ...
05990 PAINT tT.E NEXT TPHEE INPUTS SELECT TKE OEOGRAPHICAL ARLAs
06000 PAINT OOF INTEREST. T1E CPTIUN Tu CONSIOE4 OhNERATLON 0F
0A010 PhINT OSECONDAkV FIRESANO ThE FRACTION OF TPE POIL~ATIUNO
06020 PRINT *P..ICH IS POTECTEC. ENTER INFO C4 INPUT**
04030 INPUT oi

IPGURE B-3 (ccmtinued)
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460o07IF -V~sINPn-rniV WSu* INFCO*1HEN 06ist O
060S0 PRINT OYOUR ANSWIER, SPOULC HAVE KEEN EITHER, INFO OR IrtPUT*0

3 06069'PAINT *PLEASE RE-TYPE YOUR AkStWER.0
06070 60TO 06030
06060 tF'WSaOIKP.JT* ThkEN 06110..
06090 60SUB IS630
0610#vo IN .'-*- ....-- -. .- -

06110 PRINT *BASED Oft TtHE LOCATION OF THE SPILL AND ThlE %IND uERECTIONs
06120 PRINT *SELECT-TIHE APPROPRIATE GE06RAPhIC'FTLE FOR YOUR PROBLE1N.0
06130 PRINT *YOU WILL NEEC TO USE THE SPECIAL MAPS WOWICH AVE HgEN 3RkE-o
* 06140 PRINT *PAPEO SHO.ING THE PORT AREAS INCLUDEDY IN EACH GEOCRAPPICAL'O
061S0 PRINT *FILE* ENTER T14E FOUR DIGIT FILE NUMHEW.*

06170 6420
06180 IF*W).1000 AND W49999 Th'EK 06220-
06190 PRINT *YOUR ANSWErR PUST BE A FOUR(4) DIGIT CODE**
06200 -PRINT OPLEASE"RETYPE YOUR 'ANSWER.* -

06210 60TO 06160 _____________

--06720'Z QIQ42UOW-
06230 GOSUB 19910
06240 'If 044),I THEN 06260.......... . . . .

06250 GOTO 08160
06260 Zi1.24)lO . . . -

06270 IfF74.1 TIHEN 09740

06290 PRINT
06300 PRINT *00 YOU wxISIF TO COKSI~k.I SECONDARY-FINES-FROP FOSSIOLE*
06310 PRINT *IGNITION OF STORAGE T^NKS OF C0HdUSTIbLE MATERIALS**
06320 PRINT *ANSWER YES'OR NOO
06330 INPUT W14_______

06350 If Wla*YES* OW WIUANQA TH-EN 06390
06360 PRINT *YOUR-ANSWER MUST SE EITHER YES-CR NO*.......
06370 PRINT *PLEASE NETYPE YOUR~ ANSWER.0
06380 60TO 06330
06390 IF WIVsYESO Tith 06430 -

56G40 rZI3;2SMT-
06410 MSSmW1
06420'60 TO 06*5 . .S,.-- .. - . .

06430 2(3.2S1.1
06440 MS1*WI .

06450 IF 74.1 OR F0.2 THEN OV?40

064?70 PRINT 0EKTEA THE FRACTION OF TH-E POPULATION WHICH IS SNm.LTER100
06460 INPUT W
0 6490 IF *41.0 THEN 06S30
06S00 PRINT *YOUR ANSWER O'UST BE A FRACTION LESS THAN 1*00,*0
06510 PRINT *PLEASE kETYPEYOUR ANSWER**

066530 ?tP,261wo
085*0 Z(1*261*5038
08550o Z13624)84
06S60 If F49I17 00f4@2 T"EN 09740
06570 PRINT 0 TH~E FINAL. SET OIf INPUTS IS NEEDED TU SPECIFY THE VhAIUUS#
08550 PRINT OtIOES AFTE4 THE SPILL FOR WH-IC" SPILL DISIPE"IHON ANUO
06S90 PRINT sEfFECTS CALCLLAtICNS MUST BE MACE* TO&~ VO IS A TlIt.-0
06600 PRINT $STEPPEC SIPULATION AND THEC SPIECIFICATION Of THE 71MW..
06610 POINT #STEPS IS CRITICAL TO ACHIEVING I'EANINOPUL AESULIS..
04620 PRINT
06630 ORINT
06640 VAINT 00*FEC-th' 'TH INPUfS' YOU I'AVE ALNEW'YPROVItOWo TH~E PNOURA440
066S0 POINT stiS SELE.CTED A TIwE SE~uIENCE WNICH %ILL PRCVIUE A USEFtjL0
06660 PRINT $SET Of RESULTS. THýIS SLCUENCt. MORES C0NPIWTTIONS AT*
04670 PRINT olrQE06t.Nt INTENVALS wHILE THE 0AZAR06US VAPFtn CLvUUO
00,6e0 PRINT Olt TRAVtQSlh0 WoTER AND AT "ORE fI4EOUE41 Ik1W~VAI.SO
06690 PRINT OlEV~flY TWO MINUTES) WHILE TRAVERSING LAND..
06700 PpIkT

11-33



@0710 PRINT OTC IMPROVE ACCURACY ON COMPUTING EFFICIENCY, YOU MAY WANT*
06720 'PRINT' OT0 CFA14GE THIS'TTME SEUUEVCEe-TF YfOU 00,CETgN ETNERe
@06730 PRINT *INFO OR INPUT, GEPENDING UPON WOETHER YOU %EEUJINSTRUCTtONSO
06740 PRINT OOP ARE ALREACY OREPARED TO INPUT.7IF' THE' COVPUTEOO
06750 PRINT *TIME SEQUENCES ARE SUFFICIENT ENTER NO.*

06770 PRINT OCO YOU WANT TO CNlANGE TOE TIME SEQUENCES(INFO#INPUTON NO)*
06780 INPUT~-' ..-.

06790 8353W1
06800' Ir.wSu#KPJ OrR-wisa*INFOO On' WS.a!NPUT5 --HEN- 06840
06810 PRINT *YOUR ANSWER OUST BE EIMER INFO, INPUT, OR NC.#

06830 600T0 06780
06840-TF-isa*KO# THEN 6,7410- -- ~*~ *-.

06850 IF WIUPINPUT* ThEN Oe680

06070 IF WSmOINFOO TSEN 06780
-06889 REsP #REM-Fgw-Mwu tX-vRM-rR~wr--
06090 PRINT *FILL IN TOE INPUTS FOR ThEt ThREE TIME SEOUEKCLSO
06000 PRINT *REQUESTED MEOW. TYPE IN 0&5 IF-YOU D0 NOT 1AIS14 TO*
60610 PRINT *USE A PARTICMLAN TIME SEQUENCE**

06920 PRINT.
06930 PRINT $START OF FIRST TIME SEQJUENCE IN4 SECONDS AFTER Tt4EP"'V6940 Pf~rI VssPLt-ccuIEs-9r* -
06950 INPUT W
06960 2(2t27)*w ...... .... ....

06970 2(3927)aw
06980 IT F40i TMEN 09740'-*. . ...-. .- *

06990 PRINT *TIME BETWEEN DAMAGE CUMPUTATIO145 IN SECONDS**

07010 Z(2929)aw
07020 Z13*29)uw -

07030 IF N*u1 TOEN 09140
07o40- PRINT OENDO OFI~RST T114E SEQUthCE IN SECONUS AFTER*SPILL OCCUw5.**'
07050 INPUT W

07070 ZI2.lNauw
07080 IF F481 TOEN UV740
01090 PRINT *START CF SECOND TIME SEQUENCE IN MINUTES AFTERI TE e
07100 PRINT $SPILL CCCUAS.5 .

01110 INPUT W

07130 Z093016.
07140 IF F4*1 TOEN 0974.0
07ISO PRINT STI"AE BETWEEN CAMAGE CUOMPUTATIONS IN MINUTES**
01160 INPUT w . ..

o7?io Zt2.32I.m
07180 tI2m .
07190 If F4.1 TOCK 09740
07200 P'RINT OENDOf0 SECONC TIm M IKJUNE IN PINUM#S *7TEN SPILL OCCUOSo*
07210 INPUT
07220 k(21301%U

032?0 IF F'tt Tr#7~ 0474.0
01M ~l5C ~fr if&g C' T$-140 lIPE StQLENCE ZN MINUTES AFttW TkEP
0?260 PRINT tShILL CCVSs
@7270 INPUT *

11?310 PRINT *TIME 6ETUEEN CAPACE CwuI.1h)Nofs tN "INUTte.s.
01320 INPUT
013.30 flaw3s~bu
.073ai0 ?1363s)a..
ollso If P*t) ti-th 0vv##0
07380 -POtky #MN 9f 1.0IPC TIP[E 5CQUENCE' IN MINUTES ir-ES SSILC 1NITIMVOK*0
01370 INUTt is
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'07380'Z(2934)nw
0?390 Z(393'.)uw
-07400 If f4il'TIOEW~09740-
@7410 ZI102?)*6001________

07430 Z41,28)u600 - --.

07440 Z'tli30)t6O04
07450 Z(1132)u6O06
07460 l~le31)ui05 - .--.-. -

07470 ZII.33)u600 ____________

07490 2I1,34)*6008
07500 IF F~ul-TEN '0'140
07510 IF %$4240* Tl-tN 07900
07S20 1 F, 1 ( 105)atlýT14EN --0718 0~
01530 REN *USE CEFAULT TIME SEC$ ______

075SQ FOR 1.1 TO 9
07560 128264 -.ý. .. ...
07570 ZI2sdZ)uo
107SeO Z(3#12)60 -

07590 N4EXT I_____________________

07610 ?(3,27al
07426 Z43*28):zQ---
07630 Z(3029142
07640 IF 74 10 Th-Ek 01690-

07670 Z(3%31)u40
07880-00TO 01860*
01690 If 73,100 THEN' 0160O
07700 T~a1NTffT/SW) - - - - -

07730 ZT310 31*

@7730 10*3s32a5

0?7760 714323)*S..

@7770 (O0T0 07fe0 ______

07790 Z13*30)sS0
075007,15 . *-. ..----e..-e-
07610 143*31)*T1
07820 2433,21&90
07430 Z331f

074600 IF 74v1tIj 01740"to
00700 0010 07400
078060?33)~l~)0
07W9 113*32161
07900 P1,
07910 POINT 01.1 FCLLOsINC 1% ýq LIS OW THIE $IV%$# FILL 7mOj "AVE 014*
07920 PRINT .- -. .. ~'.
01930 OMNI S91'E UNHIT% loV PEAS%.REWU4? &At$*
Ot?9a0 PRIkT 160 0(1OPOEPSSUAL -t *WPOSO~4tRES
079S0 PRINT 1iI~BtN~U~-.~
0790 mw Im-top( tin mrW cyruTP'fl03 -.

01470 PMI%T tA0I10110VOLW'I-0.C26
07900 "11.T TatitfloIeELOC1?ty-094s
07990 "4Ik

FIQJR B -3 Cc~Ptibmaed)
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08000 RkM *LIST OUT Tt-E UIM FILE TO ThE TERMINAL$
08010 PRINT USING 0b020S -OO T-NUWBER-'OF-IWPUT"--(A~e•OI '-Iiui •5• cj~ '-'-

. 08030 PRINT

08040 PRINT USING 080509M A.rS..
08050 t I CHEMICAL CODE
08060 PRINT USING 08070#Z(2t2) ...... .........

08070 1 2 CARGO TEMPERATURE
__--•-i --080 "RINI USIN""'M--OO• Q9'31

08090 $ 3 TANK PRESSURE
-.08100 PRiNTUSING 0811OsZ(2#'.) ............. ....

08110 3 4 TANK CAPACITY -----
08120 PRINT*USING 081309ZM25)S.............-........... ...... ..
08130 : 5 TANK HEIGHT _=__:

08150 3 6 FRACTION TANK FILLED
"-08160"'PRINT USING' 08170,Z(ZiTT .....---------- .

"08170 3 7 ?-OLE OIAMETER
08180 PRINT'USING 08190Z(2#8)...........................
OR190 : 8 hEIGhT OF CENTERLINE

08210 3 9 hEIGI-T OF I-OLE BOTTOM
08220 PRINT USING 08D30*Z(2910)
08230 3 10 SPILL LOCATION
08240 PRINT USING 08250#Z(2911)
08250 3 11 WATER TEMPERATURE

08270 PRINT USING 08280#Z(2s12)
08280 12 CHANNEL-.IDTH......... .... -

08290 PRINT USING 08300#Z(2913)
08300 13 AVtRAGE RIVER OEPMT-.............-
08310 PRINT USING 0&3209Z(2#14)

'8?•T T4_.E -ER•O~TY-

08330 PRINT USING 08340tZ(2#15)
08340 t' 15 TYPE'OF RIVER BANKS ......... .. -"

08350 PRINT USING 0e360oZ(2#16)
'08360 3 ..... *16....... AVERAGE WIND SPEED
08370 PRINT USING 08380*Z(2917)

-08380-- ._V tINV-D'lRtCrON - - .--

08390 PRINT USING 08400,Z(2,18)
08400 V" 18 AIR TEMPERATURE
08410 PRINT USING 084200M5S
- ,08420 3 19 ATMOSPHEtRIC STABILITY CODE'

08430 IF VqzsNEW*'TI-Eh 08470
• "• ~~~844 -tET"t'$ir :ISU TR Rt'ttl'tf IT2~ ..........

08450 LET L2%uSU8STN(L$(I)93#2)
08460 LET L3SaSU8STR(L$C1),#S2) ..

08470 PRINT USING 08480LIsL2%#L3*
08480 2 20 DEeREES LATITUOE '''. ) :. ':
08490 IF VS=•NEW* TIhEN 08530• ! "'~~~~085Or-t;ErLT"L• S•UffTR'I•tS ji'.-33! .....................

08510 LET L5SaS=SSTH(Li(2),•42)
08520 LET L6lxSU9STR(LI(2)*6t2)
"08530 PRINT USING 08540oL4$oLSktL6*
08540 2 21 CEGREES LONGITUCE >
08550 PRINT USING 8Oet0Z(2,s2)
08560 t 22 DISTANCE OF SPILL 10 S"ORE
08570 PRINT USING 08580*Z(2923)
08580 1 23 TYPE OF UAMAOE i
08590 PRINT USIG O860OZI(2td4)
08600 3 24 GOOGRAPMICAL FILE
08610 IF Z(2#23)u1 ThEN 8Oeb4

20860 PRINTVUSINO 0U0304M5 -. .........
08630 2 25 SECONDARY FIRES
08640 PRINT USING 08650,Z12.26)
08650 t 26 POPULATION qHELTEWkL"
08660 s3s0
08670 Z(lt121)a30

FIGURE B-3 (continued)
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6860"If e3SxNOs-THN-O8L90-
08690 83.1
08700 PRINT*USING 087I09Z(2s27) .

.08710 1 27 bEbalN FIRST TIME SEQUENCE
08720 PRINT*USING 0813U*Z(22291
08730 1 28 BETWEEN FIRST TIME SEQUENCE --
-U?740-RPU? 7041Z8
08750 2 29 ENO FIRST TIME SEOLENCE mr
08760 PRINT USING 087709V(200)-
08770 230 SUthI SECOKC TIME SEQUENCE z_
08780 PRINT USING 087909V(202), --

08790 131 BETWEEN SECOND TIME SEQUENCE ==a__

.08810 t 32 END SECOND TIME SECUENCE
08820 PRINI USING 0683Q9Z(2*9331 .--

08830 1 33 8E01k THIRD TIME SEQUENCE -z
-08840 PRINT-USING 088S0i?12435) *. 1. . . -.-- .----.

08850 1 34 BETWEEN ThIRD TIME SEQUENCEc=
-'08e60"RIN~r U51WG UUU70TO'ZT2 ;3wT1
08870 1 35 ENO TthIRO TIME SEQ1.INCE ===
08880 GOTO 06900-.-.
08890 93.0
06900 PRINT. -.-

08910 PRINT_____
'097PRINr*-'-

00930 PRINT *00 YOU WANT TO MAK~E ANY CHANGES TOO
08940 PRINT 0 TlE CCNTENTS OF THIS FILE (YES OR NOI*l
08950 INPUT xas
08960 IF X2%u*NO* Tl'LN 090?0 -

08970 IF X2$am'VES0 TI'N 09000
-'89Rr-PRThre#YuUIZANStIEW-WUST2E LEIT dW-ES'Cit-NO i$ - .

04990 GOTO 08930
09000 "IF Xia*YEI$ Th-EN 09360-.........'~
09010 GOTO 091 60
09020 PRINT
49030 PRINT *CO YOU WANT TO NUN A V" SIMULATIONO _____

09050 INPUT vi
09060 IF Ylu0YFSs OW Yim*NO* TlhEN 09190,
09070 PRINT OPLEASE ENTER ElThER YES OR NOs*
09080 GOTO 09010
09090 If 411moLISTO Ti-EN 07940

~T00F~ttVLSP N'CUEOt wW1E$rTMhttr9i&~ o-
09110 If WInONOO Th4EN 09020
09120 IF %180YES0 TthEN 09360
09130 PRINT *Y01jo ANSWER MUST eE EIlT1,1 YES Ck NO#*
09140 PRINT *PLEASE RELTYPE YOUR ANSVERoli
091s0 '3010 09600 ___________

09100 PRINT $INPUT hl'oLutp
09140 GOTO 093q0
09190 PWIENT
09200 PRINT $CC YOU ýkht TO SAVE T145IS ILE ON DISK (YES CR NO)*#
0V210 INPQT ws
U'I??u IF %lookcs IIEN oqi?u
09233) IF vquoYEso T.kk 04260
0924.0 PRINT #4 SIPPLE YES 00 NiC W1i.L CO.#
04250t 60TO 04200
09?&0 GOTO 092q0
OQ2TO If vyssoho TPEN 19890
09?@0 IF Ytu~vf so TrlI I88~oO"..............
09290 If f~sO AND F4PO 1thN U9320
09300 If F~aO TohEN 11720
09)10 IF F1.I fl-EN, OV340

0V330 OUSUR 1774.0
09342! ('00SUff 16*90 -
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09360 PRINT *PLEASE ENTER THE KUMB&ROF"THEINPUT'THAT YCU WANTS ..
09370 PRINT *TO CHANGE.*
09380 F4u. . . ... ... . .... ... . .
09390 INPUT C

-09400-CINT1T-Cr
09410 IF K$<>(YES$ AND C0> AND C<36 THEN 09590
09420 IF C>O AND C<36 THEN09440..........
09430 GOTO 09530
09440 PRINT *CO YOU WANT TPE INFORNATION STATEMENT THAT'.CONTAINS -....

09450 PRINT *INFORMATION ABOUT THE INPUT THAT YOU WISH TC CHANGE.s
* 09460-INPUT- '__vv
..09470 IF wlSz$YES* Ok WISxsNU* THEN 09510
09480 PRINT *YOU ANSWER CAN-ONLY 8L YES OH NC ..... .. . .......
09490 PRINT *PLEASE hETYPE YOUR ANSWER.*
09500 00 TO 09460.......................................

.09510. IF CaI TI-EN 09700
09520• OTOg09ST7..
09530 PRINT *THE RANUE OF YOUR INPUT MUST BE B6rWEEN I AND 35 INCLUSIVE**
09540 PRINT *YOUR ATTEMPT TO EXCEED IT IS INVALIOt ....---
0955 PRINT *PLEASE HETYPE YOUR ANSwER*0
09560 GOTO 09360 ......................

09570 IF wl%:*NCW THEN 09590
09580 GOSU -10700 --- -
09590 IF Cal THEN 09700
09600 IF C0 10 TFEN 09620................ ............... .......... .. ... .. .
09610 ON C GOTO 09700, 01310v 01490s 01670# 01770, 01870. 02100, 02280# 02390. 09820
09620 IF C020 THEN 09650.............. .... .. .
09630 CaC-lO

,09640 -N '-C.rCT 88o- 99QT-M41r0994*--0994O -`0ll*i-a•r r-109?0 0-0-*-
09650 IF C030 THEK 10670
09660 CZC-20 ........... .. ...
09670 IF C)6 AND a3I<)-YESW THEN 10500
09680 ON C GOTO 0482(, 05220 *-10190"' 10990 s 10430V-06•0 .- 06910 -s "0990 1 07040 .'gT0
.0:4690 PRINT USING 08750,Z(2,28)

lO0PRtNT-tlTO.•rKANoE--ThE-ClýE-tCAL-"OO•"-O-"USr-*fD-VrN•c~ArING•)

09710 PRkNT *A NEW FILE- EDITING THE CHEMICAL CODE IS NOT ROSS[dLE.
09720 PRINT WSECAUSE 'OF TFE OEPENOLNCY OF 'THE OThER.VARIAtLES*...........
09730 PRINT *ON TOE CHEMICAL PROPERTIESsETC"
09740 IF F64E2 THEN 09?70 F .. ....
09150 PRINT *MORE CHANOE•(YEStNO OR kIST)1 "S"~~~~~~09760 •07•'09800 ....... ."..

09770 PRINT OCO YOU WANT TO CHANGE ANY OF YOLR OTHER INPLTI.
09780 PRINT *INPUT YTS OR NO,# ..........

09790 PRINT *IF *YOU.NEE. A. LIST OF YOUR PILE ANSWER LIST.*
09o RO INPUT W1 " ... .... .... ........
09010 C1OTO 09090
09020 iF-062? Y EN-E?__.... .... .. _-
O96J30 PRINT 0YOUR REGUEST TO CHANOG THE SPILL LOCATION WILL 81 -

. o09840 PINT *PQOCESSEC, HCWEVEE PLEASE NOTE THAT 1- IF YMU ARE*
4S09950 PkIT SC-ANGINO FROP hAN OPEN WATER LOCATIOQttCOOEal) TO A*

09460 PRINT ONIVER OC CrAkNEL LOCATION FURTPER 4ULESTIONS AbOUTO
09070 PRINT 0T7E RIVe,- OR C"ANNEL WILL 8E ASKED OR 2) IF YOU AREo
09AP0 POINT OCANOIKU FR0' a RIVER U0 CHANNEL LOCATION TC AN OPEN*
09490 POINT *%ATER LOCATICht YCUR 04EVIOUS INPUTS WI-TM RGARD TO*
09900 PRINT 011E CHANNEL CR kIVER WILL Ot IONOREO.W
OV910 GOTO 01710
049P0 IF Zt?,1a)wl TPEN 0974O
0Q930 GOTC 030.0
09940 If I2sI1)av2 TpEN 099u .........

09950 PUI4t 01T-IS IPHtit IS UEC ONLY WHEN To*E SPILL LOCATION IS IN A .- 0q9A0 PRINbT 0VER, CUR PREVIOUS ANSUER SPECIFIED AN *OtN MAIER SPILL*

09970 PRINT OLOCATUO. TH- EOITING PPOCESS CANNOT ENAOLE.W
0o9e0 COT:." oqo0
04990 CNC-l
11040n F4u;
10010 ON C GOTC 03040. 03160, 031MU 03370

FIGURE B-3 (continued)
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10020 IF 03Sz$NO* ThEN 07530 -- .

10030 PRINT * TOE WIND SPEED AND flISTANCE FROM THE SPILL To SHORE DATA*
1004.0 PRINT OARE'USED BY THE PROGRAM TO'CALCULATE THE-OEFAULr TIME-SEQUENCES.!0'

IOOSO PRNPSNEYUOERODRE THE TIME ELNS#TS INPUT HAS$

10080 PRINT *USING THE NEW-OATA; - -- -

10090 PRINT *INPUT YES OR NO**
'10100 TNPUT WS. . .--

10110 IF w~m*YES* OR WSa*NO! TOEN 10150
10 120'PPRINT '"YOUR- ANSWER IVUS- RE * E MTEW Y~~O
10130 PRINT *PLEASE RETYPE YOUR_ ANSWER**
1014.0 GOTO 10 100...... ___---''

10150 IF olaftOO THEh 0974.0
10160 B3Sz*`YESi. -- -----
10170 F481______________________________
NqI80-(OTO`-7533U
10190 TI*Z(2*23)
10200 IF F6,c)2 THEN 0S420-. -

10210 PRINT *DAMAGE COOL(19293 OR 04)!
10220 60TO 05020........ ... - - ."

10230 IF Z(2*233uT1 TH-EN 09T40
'1024.0 -TF-Tr$rIWCN`-7Zf231TTHE"93TO
10250 IF T181 AND 2(2*23)31 THEN 10310 ____

10260 PRINT -

10270 PRINT *YOUR REQUESTED CHANGE TO TOXIC CAMAGE HAS BEEN PROCESSED.!
10280 PRINT *YOUR PREVIOUS INPUTS WITI' RE6ARD 'TO* FIRE-OAl#ACE--VILL-ef(it-
10290 PRINT OCISCARDED.P

10310 F4w2________
10320 PRINT________
10330 PRINT *YOUR REQUESTED #;hANGE TO FIRE DAMAGE OAS WEN PROCfSSEU.!
.10340 PRINT' !THE PROGRAM. WILL' NOW ASK YfOU'FURTHEWQIJuEsrCNS-NEEOEO*PORWI-"*
10350 PRINT OTIHE VULNERABILITY MODEL IN MODELING FIRE DAY AUjE.

10370 PRINT
10380 PRINT *YOUR REOUESTED CHANGE IN TOET1YPE OF -FlRt*C*MAGE-HAS btfN0-'--
10390 PRINT OPACCESSEC. YOUR INPUTS vITH REGARD TO SECONCAdY FIRES ANO!
10400 PRINT? $TlE 'FRACTION Or Tilt POPULATION ShELTEREO'HAkVEflOT CHAt EOi*- -
10410 PRINT sYOU MAY EDIT 101ESE SEPARATELY IF YOU WISH TC CHANGE THEM.!

10430 If Z(R*23)wl TNEN 06300

104S0 PRINT stlHIS VSEI4 INPUT IS ONLY USED WHEN REQUESTINC THE. VULNENASILITY*
10460 PRINT 00COEL TO sift-LATE FIRE DAMAGE. SINCt' YOUJRCAULSTEO, A IION*
10470 PRINT: jPOOELIKO: TOXIC 0APAGEs THIS INPLT IS NOT QJSkD. THE fOItINU*

10690O 0070 01740
10500 PRINT
10%30O.PgtT $TE- IJMOURAH,H-AS CALCULATED T"E DEFAULt-TIME StOULNCLSo PENS
10520 PRINT OYOL R EQUEST* 00 YOU NObW ISH TC OVfLMNIQE TlESt TIME SEQULNCES.!
10330 PRIKT *IkPUT EITHER YEb OR .NU.s
1O054 I.NPUT wA
10550 -IF WIUsoESi OR1 *62ONO0 THEN 10590
10560 PRINT #VOUR INPLf. MUST 4E EITHER YES CA N41j.
10570 PR-INT 'PLEASE gEtYPE.YOUR AlNSEfi*#
105'0 6T0 10540 -*-.

10540 If wlu!YF.SS Tpik .10010
10600 MeT 09ra0

10620 PRINT oSEC-Ab.St OF TH-E IN119006~tDENCY CF TH4E TIME SEWUENCES4 YOU*-
10ft30 PRINT *%ILL OE REVUE-SYtO fO C~hAGE ALL OF THEM GOUIINO ONE EDIlv*
106t40 PRINT

10660 cot 044O . -

FIGURE B-3 co~tntiaui)
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10610 IF 63$lc),YES* TIIEN 10500
106K C.C-30- -.---

10690 ON C GOTO 07150 07200 * OfSO ,07310 *07360
10700 REM *SUB USED TO CONTROL DWANC1dING 'FOR. INFORMATION ROUTINES*....
10710 If C>3 TI-EN 10740

10730 GOTO 10940
'10740 IF Cn- THEN 10770 --

10750 GOSUS 11320
10760 6070 109eA0............-,------.-----
10770 -IF 0,9 Tt-EN 10800
MeVoOOaSute914*40---

10790 6070 10940
10800 iF*~5TI-EN 10630 - ..--- _ _____

10810 o09us 14580
10620 *GOTO 10960 ~ .

10630 IF C019 Th-EN 10860
*1 0840-GOSU11-3Tho
10850 0070 10960
10860 'IF 0,22 TlIEN 10890 ''*- ---- -------- . . -10670 GOSU8 14910
10680 GOTO 10960 ---

10890 IF C23 TPEN 10920
'10900 1QSo~-_sv~wjo-------
10910 0070 10960
10920 IF CW?6 THdEN 10950 ---- ''-

10930 60SUS 1SS30
10940 GOTO 10960' - - - . . -

10.950 Gosue 16120
*10961r-RETURN '- - --

10970 IF F8.2 TOHEN 04.100
10960 0070 04070
10990 IF F6ii2 ThEN 06100
11000 PRINT OGE0GRAPWIC FILE01 '- ------.- *

11010 UOTO 06160
V.1020'REM' *SUB -ToS -UP-MICazFIEsrE-----
11030 DATA 0..*I .*36000,350.,1100,1lot1,11 4.1 .00.9.931S,2.04d8.0O..e2'b100,s-8*.
11040 DATA 0**6$2%36000o091500v1 O1213,'83,.1go,9.li,9
11050 OAT# 0.1.59,0U0,1,0.*o~lj,1,0.Z.50-6*29, .40'aD.0#,1000,I00.99Y
11060DTA01*tOO01OOl26,J,53124,341u,
11070 DATA0.11.0,,.,.,, 0-6S,.0O,,01099

11090 DATA 09..*150.3720,336.,1069,1.0,1~o.2,2.y5.0,;aOO,100,.Q*161
11100 DATA 016.....y*1010-8~..?oo1gO,9
11110 DATA 01.I9s,,.,.,..0.92436600SO.p
11120 OATA
11130 DATA 0.j .374.36000.350.. hi~o,.l.0A.O0.1,43,.31.343.J.0OsO6#to.7U.1o0..vq

11160 'ATA O.SIe~.S.10....q...so0oooxoe

1110) DATA 0*0.lV330,08~010l...~Oogg0 0.*
21210o DATA0.31t0'0.Il0O01*.210....10,S
41220 DATA 4*00..2.6?6,5.112001.....50g0uu 0~I
112230 DATA0,l1*1.9.llOQO102S2?Oo,,,,D.7
11220 OATA .8 0001101*5),3.~.23oao,.Iul0
11230 DATA . 8 30.A*111I420.,a1,6~0o10,0,.,

112SO OAUhC?0.0.101011g2!.67e..Ugol~~g..
112700DATA '?'O9O'10.11102S2.,o0O01oo.j8

11290 DATA0.9.0.0.l0.&g3O1527,g,,,g.0,Q

11300 OSAT 'ICAC C3427oldl
11310 WMIUI
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11330 PRINT
11340 PRINT .. ..

113S0 PRINT *IhFORMATION ON TANK CAPACITIES AND SIZES FOR VARIOUS$
1130 PIN *CASSS f TNKSl-PS S`GtVN IN TI4E 'TABLE-EO*

11370 PRINT *IN GENERAL EACH~ TANKS"1IP CONTAINS SEVERAL TANKS AS*
*11 381T PTT~ONWRM~Y KAE7LCVUC34O
11390 PRINT $TO 08% E.APACITn(I.E. fRACTION F~ILLED W .981. ONLY*
11400 PRI14T *CURING LOACINGO~NOCN LOLTTNS~PATA Y...
11410 PRINT *FILL`EO. GASEOUS CARGOES trAN HE CONSIDERED TC uE 100%0
11420'PRINT *FILLED (10E;-FRACTION FILLED m1"ITO i#
11430 PRINT
'iT440 PP'INT-Orý;rTOLLUit-rNG- 15-&T48A-f K~tFKFEPlWESTTE--AlTiEV~ES
11450 PRINT *FOR TANK CAPACITIES ANO SIZES.$
11460 PIT....
11470 PRINT USING 11480

*.11480. 3SHIP SIZE......AVERAGE -CAPACITY"OF 'EACH TANK ~ TN gIGHT'
.11490 PRINT USING 11500 ____ __________________

11510 PRINT USING 11ba0
11520 ITHOUSANCS NO* OF""'....RITISH 'MKS-- -URITISt4 -WI(S-
11530 PRINT USING 11540
11540 I OF TANKS THOUSANDS
11550 PRINT USING 11560 ________

I or-. %600vItFr
11570 PRINT USING 11580
11580 1 TONS SFIP GALLONS' M ETERS* --FLEr, -""ETERS
11590 PRINT
11600 PRINT USING 11610
11610 1 1-10 16 It0 420 32 9.75

11630 t10-PO 20 214, 770 41 12050
11640 PRINT USING 11650-
11650 t 20-30 25 312 1200 4S 13700
11660 PRINT USING 11700
11670 130-50 10 yse 3600 so. 15.2S
11680 'PPINTT-U~hGT-h9U-
11690 1 50-70 6 IVTO 7500 56 17.10
11700 PRINT USING 11710 .-

11710 1 70-12S 8 2570 9700 63 19.20
170PINT USING 11?30

11730 1 125-17S %1 4540 17200 70 ý11.5

117"f * 175-?22 6 8160 30900 73 022.2
11760 PQINT USING 11770
11770 1 225-300 6 t10e00 36500 84 25.64
11180 PRINT USING 11790
11790 1 * 300 a 13tW0 4eb00 vs 29.00
11600 PRINT' - ___

11'4to PQINT $the$
11420 PRINT USINO 11300
11030 1 s0-70 5 10300 MOO0 94 3.000
I11040 paINt
11850 PAI#.T
11 "611 P61I Nt *ft'1E IN AEACT WutE.N YOU APE Qe.AOV TO AkSwig 1'ft. QUESTIONS.*
11870 INPvt wl
IIPRO PRINT . . . .~

li.400 PRIKT .

119l0 PRINT
11420 RETURN
11930 M*E" $Sue TO ECut T'REfE-CCOEe
11Q40 'pva

119460 "a~ tat W' S.~i' ILO 7
117 ~SLd~-(i.3j**jv32whI Iekt# Ui00Q

11R0NLRI I * .
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11990 11a3612000 A3S**SUYOTNEETLPGOAWPTilPOPPPLVCNtACNPOXT0•AACOOPIM•.......

12010 FOR Kai TO LENIA35 STtP 312020 IF SV8STR(Aý%35,e3)-WS TIEN'I20450
12030 NEXT Kt

* x20q4r9501-12oq0-
12050.u1-11K
12060 F2aI . ..

12070 K4n(I*2),3
12080 OUSUG 12100
12090 RETURN"'. 121 O0 :RE)-•SuV -T'SEUT-CW CPIO-PN~eR'r.I.S

12110 Z(Q1.35)t2006
12120 Z(3*I3S):C3(K4,11 . ... ..
12130 Z13,130)4C31i4,2)
12140 z(ro137182011 ..... .. .....
12150 3oI371mC3(K4,3)'1.2160,.. Z.M,*13.81 VM¢22----.-

12170 Z(3.1381*1.012180 Z|II139)a2033 .. . . ... .... . . . . '
12190 Z(321391,03(K494)
12200 V(101401,01o q ..9..... ...
12210 Zt3.140),C1(t4,S)
12220 Z(101411-2043-
12230 Z(31I41)uC3(K496)
12240 Z(1*142)92046 ..
12250 Z(39142)0.0o
12260 Z(Is1 3 sIn50o2 ............ . . .
12270 Z(3*l43)-C3(Kqt?)• + ~~12280 ? 13 * 44 I4 CV¢ 'K4 I -. . .
12290 ?(3*145)xC31K..9)i ll_-+=°12+0 7I.,AG,.Sogs°""'. -.... .. .. ........ .....~* .... ..........

12350 118147.1
£2.612m10O9.: ,. l
12370 13lo1. 

.12360 ?(1101)612
12390, z3.1IowC34,14.
12400 NEXt I
12410 ZIMel.5SoaSO

S12420 Z I1#ISb ItC3(K sldle

12430 RETURN
-1240 REM *su•t FOR INFO 0 ?sI.9e
S12M0 PRINT
12400 POINT $FR0- tIRtOULA"' qUPtURES-v CONStUER'-Tt - CttCLE"-...I.P1?0 PkIhT oibT.. ila Ep& AL Mc TE RURTUu( AfRA AND COPFUIE Tk 010.'LTE11012aAo PRINT 04ý EUU*L to TIE SCUAL1 ROOT Or 11u27 A AREA).*
lz4Q0 PININ
12500 PRI' t #if You VESIRE TU SlNULaTt A RAPID SPILL OF ALl I, Tf•qi AMSeo
12510 POWT OCCkTWTES* USE T'E FOWLAbING PAtDNMEVERSt
Mao2 PRIttt

12S30 IF• a !• TI-Ew WSbo12S40 I7400 lu RbfWteo,012Sko O79.e)m I [•i

12550 GOtO 10510
M120 07$ae0. 3.3 fEtIes

12570 1ih lUSINO 1*ba0, cis
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12590 PRINT USING 12600
12600- '14 HIGHT" CF- 140OSE CENTEfttT*EgOVE-WATERL-NE'-TCr-t-U"12 --
12610 PRINT USING 12620
12620 t'' HEIGHT' OF BOTTOM F OE BN-CTM OF -TN-tT
12630 PRINT
-- 6"TE N P I Ol(tWTHSPtL-ACES auE 80107OWP-TPt~4'~PE uO X I E-wp a' P u;
126S0 PRINT *IS NOT NECESSARtLt.A REALISTIC SITUATIO?4, ft47IT'WILL'SIM-*O
12660 PRINT 'OULATEA-APIC--PtLLAGL r t-TK 1061E- CARGO IN-T14ITANK io ~--*
12670 PRINT Vl-HLFL-OMKArKEtq1268ff PRINJT *FOR REALtSTIC-SPILLS IT'WOULOU ~LFLONKA KTH-
12690 PRINT OS"OWING ThE SHIP. THE TANK* THE HOLE POSITICN AND) THE WATER-*

* ~ ~ ~ ~ ~ ~ ~ ! 270R O0PN t K ~ P-~L~N
12710 PRI~NT OPINING AN APPROAIPATE VALUE FOR Of*
12120 PRINT~-.....-. .."-*..
12730OPRINT 0 U C S -D/2
12760 'PRINT OUKHRE S- ISTEDRFOTH N i9

k 12750 PAINT
I 27rPR NT~W1K ThIRET1UNIIF

12770 PRlINT OCENTERLINE Of THE HOLE IS BELOW THE WATERLINI. AS AN EXAMJPLE*
1278o PAINT $CONSIDER' THE IhOLE*OIANETEr (U)- TO SE '2-ETERS"ANO'THE,-HIP*S*
12790 PRINT WORAFT TO HE 10 PETERS* IF T11E OCLE#S CENTERLINE IS AT THE$
12600 PRINT 0%ATERLINE' (CUiOh$'NEN 9Bu-.1O-. '7"W9VIPS-M-DAT
12410 PRINT PFOA VARIOUS SIZES OF SHIPS ARE-'GIVEN IN THE FOLLOWING*

12830 PIN'rTIUt
12830 PRINT
121S0 PRINT
12660 PRINT 0 TANK SHIP* SIZE ,-SPOAT

11670 PO~INT 0 (ThOUjSANDS OF*
I12860-ITV PI~k2TPENfl53O3`-
12690 PRINT 0 CEAC wEIGht fONS) FEh
12400 PRINT 0 -,-

12910 PRINT
12920 PRINT 9 11......-zr-
12930 PRINT 0 10-20 zoo

12950 PRINT 0 30-50 350
n ~~~12960 PRINT 0 50-70 -,.-0f-......

12970 PRINT 0 70-125
12900 PRINT 0 125-175 bsi5v5P ,

*12990 PRINT 0 175-225 600

13010 PRINT 0 300 ?0
13020 C0T0 131S0
13030 POINT 0 Ofac OtIcGHT TONS) 0EVENSIP
t 306O PRINT 5 .. e
1305l "tIhT
1306V vaIHT-u ---- rt -- 61*
13Oto PRINT 0 .20"30 t0o
13010 PAINT 0 30 -t0 . 19.70
13090 PRINT 0 su-?o 12s"9
13100 POIW Iv 7-12S .14020

11110 PAINT 125-175 170
13124-PRINT - 17*22!' W5*
13130 POINT 0 22tia300, 210
13140 PRINT * 300
13150 MRINT *TYPE IN READY wbs&N YOUi *iE 91EA01 TO INPUT *CUR ANSVERSes,
13140 IPTh
13170 AMTON

PIG=M 1-3 (coutimiie)
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131140 Rtm $II'u sub U 1OL1.1slaA1vo
13190 PRINT

-132 0$(' PR IN r *rOxs sTzTflF-Tv.E ,SPEC i IONTttF"Rt3LThi I ICONDTI1 SL
13210 PRINT $FOR YOUR SPILL SIMULATihoN AEPRESENTATIVE VALUES FOR Tenk*

"13220 PRINT $U.Si 'PORTSO'F-INTEPEST''ARE*PRESENTEO1RT ETh9LEP-BELCW -- -- -
13230 PRINT *ONLY WlE PREVAILING WIND DIRECTION iS SHOJWN. mOWEVER# IN*

- 13240 'PR IN? PG0EN'EWt 'Att WINaCECIONS-XREPOSStfJEit:r.wMNO11RICTlQ1O$-
13250 PRINT *IN OtGREES IS MEASURED AS TI'E A1IGLE BETuECN NORTHW AND T'W 0

120PRINT *CIRECTION -T~N-S`dCI" C.S oe- SOUTNWES1'~
13270-PRINT *WIND IS CCNSIOEi4LC TO BE 45 DEGAEESINEASuREC CLOCI(WIsE*
13280 PRINT uiFQOM NORTN). TFE TEMPERATURES-ARE -lEN-INTERMS- OF-14E
13290-PRINT *AVERAGE OF TI-E MINIMUJMS (OCCURRING, AT NIGHT) AND THE*

13310 PRINT _____

13320- [F Flal TIFEN 13490. ' _____

13330 PRINT
13340 PRINT USING 133S0..... . .

13350 :SUMMER WINTER

13370 1 MEAN %IND PR4EVAILING AVERAGE MEAN WIl.D PREVAILING AVERAGE
13380 PRINT USING 13390'-_ .~......~...~..-

13390 t SPEED 1AIND TEMP(C) SPEED WINO TEMP(C)
13400 PRINT USING 13410 .- -.--..-.- .. - . .

13410 9 tM/SIC) DIRECTION MIN MAX IM/SEC) DIRECTION MIN MAX
-13420-PRi~rvTt~iu- - U
.13430 3 L.A. 3.44 67.5 16.s7 23.7? 2.95 400 7.4 17.5S
13440 PRINT USING 13450 ---.. -. ---.-

134S0 t NEW ORL 2.66 45 22.9 32.4 4.24 100 6.4 16.8
13460 PRINT USING 13470 _--. -.

13470 3 N.Y.C. 4.78 0 19.3 28.4 6.0 135 -4. 3.3
"13480 GOTO 13"70' ___________________

13490 PRINT USING 13500
13500 1 SUMMER--~.~tTtH
13510 PRINT USING 13520
135Z0 4 EAN *IND 'PREVAILING AVERAGE MEAN %IND'- PRWVAILING AVERAGE
13S30 PRINT USING 13640

13550 PRINT USING 13560
13S60 3(FT/SEIC) DIRECTION MIN VAX! 17T/SECI* 'OII3ECTION*'WIN PAX
13570 PRINT USING 33580
13580 I LO.A* 11629 6?.5' 62.1 74.1t .4~-- . 0 S*5.4 63.5
13S90 PRINT USING 13600
13640-' NE. ORE-* 9.439- -4 iSS3 9; -1 5--d--s, 62.*3'
13610 PRINT USING 13620
13620 1 N.YOC. 15.69 0 66.v 8e3.2 -'19.89' 135ý 2480 30.0
13630 P09.1
13640 PlINY
13650 PRINT OV00 ARE NOT eOUND TO IMESE TABLES# tMOhEVERs T7i4 UIN WILL NOT$
136b0 PnINT *ACCEPT 41w TINXPEWA URLS'CUS ICE, 07 THWRAW-40TOtQ *49 LaEs
13604 PRINT $CfLS1Ub 1-46 To 120 a risteiiiT) i.is
13600 POINT
13640 PRINT sCChtINLL* (TYPE IN VE.. ofEN '4E4vis
13700 INPUT of

13730 PO'SINT
13740 PRINT
1371,0 PlRINt $VCR ATOUSPI.C0IC STABIILITY# YOU OUST SPECIFY TalE kASOaUILLao
13760 00INt *ciFFCQC IIMOSPENIC STABILITY CLASS. ONLY 1101t. CIASSESO
13770 P1,I N I $AGE ACCLPTEC IN TPE VMS Os 0. 440 t. TNECSt AWL UF11NEDS

170PITSOCLOW.*0- .

13790 PRINT
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13800 PRINT * 'S REPRESENTS UNSTABLE C0NflITICNSWCKCtONTSiNV
13810 PRINT * DAYS WITh WINDS LESS TOEN 4 METERS PER SECONOW1 FT PERO
-13820 PRINT�* SECOND.0 9
13830 PRINT
13840 PRINT * 0 REPRESENTS NEUTRAL CONDITIONS WHICN OCCLR OAY ON NIGHT*
13850 PRINT * CURING 1HEAVY QVfRCAbT PERIODS9 OR DURING LIGIHT OVERCAST$
13860 PRINT * PqRIODS WHEN-WIND SPEEDS 'ARE 4 METERS-PER SLCOND(13'FT*
13870 PRINT # PER SECOND) ON4 GREATER#0
13870 PRINT * "PER SECOND) 0ON GREATER*.C....
13880 PRINT

A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l!f 167PRIf*F NSMSGt ST8tOO IUSKVOCCUfRO014Y0
13900 PRINT *AT NI~lHT DUR4ING LIGHT OR NO OVERCAST PfRIC~b WITh WINDS*
13910'PRINT I ESS -"AN 4"ETERS-I'ER--SECONOW-3FT PER`SfC0OYND1P-----
13920 PRINT
13930 PRINT *TYPE IN READY'WinEN YOU'ARE READY TO ANSWER'THE QUESTJOS;ONS
13940 INPUT *5I_____
13930 RETURN-
13960 REM4 *INFO SUa FOR GLESTIONS 1-3*
139?0 PRINT * TH4E-FOLLOWING-TABLE LISTS'ThECtEIASTtCNU.....
13980 PRINT *SIPULATEO BY THE VR TnI4OUGH OPERATION OF TI-6 UlMo ?ME*
13990 PRINT *WFREE-LETTER CPEMICAL-COCE ANO -THE' PR INCIPAL 'TYPt-Of- MAZAN0*
14000 PRINT *IS GIVEN FOR EACH CH9N1CAL* ALSO SHOWN ARE THE DOILINGO ___

1`4010 PR INT *Pal NTh-1N G)EG EEVFIAH14e4HtE I-UCER-STAf4tOAkeATWQSPME~tev*-
14020 PRINT *PRESSURE (I ATMOSPbERE) AND THE VAPOR PRESSLRkS IN ATNOS-*
14030 PRINT *PI-ERES'AT 60 DEGREES FAIHRENPIEIT-* ..-- . . .

14040 PRINT
14050 PRINT 0.................. BOICINS'P0&Nt'VAPOR PRESS**
14060 PRINT 0 C"EMICAL CODE +0' AT 1 A7M. AT 68 066o FO

100PAINT V-
14080 PRINT 0 ACETALCEI4YDE LAD F 70 Is*
14040 PRINT 0 ACROLEIN.......~ T #F t**"-*' i-30
14100 PRINT 0 ACRYLONITRILE ACN T 171 .10
14110 PRINT 0 ANH14ONAIATANYD)' ANA _T.....2 'I;
14120 PRINT 0 BUTANE OUT F 31 2.00
14130-PA INT*PTEN -0. TMR--F
14140 PRINT 0 CARBON TETRA* COT T 160 610
14150 PRINT 0 '-CPLORINE. ....... '" "2'~-.....
16160 PRINT C 0INETtHYLAPINE 014A F 41 ass$0
14170 PRINT 10 ET11YL. ETH4ER C~ ET f 94. *580'
14180 PRINT 0 HYDROGEN CHLORIDE 1OCc 1 -110 46100

14200 PRINT 0 HYDROGEN FL.UVRZOE OFX T 152 100
14210 PRINT 0 YDRCOGEN SULF=C HOcS Trr 10400
142R0 PRINT 0 LICUIP. NAIL. GAS L14G f -a58 HI1Thu
14230 PRINT 0 LIOUIF4 PET* OAS LPG f 064 PIG"*
1#040 PRINT .0 METHY RCIL 7 40 10

1425 PAN? " ~14EIYL. CMctGW0EMt .

14260 PRINT # OCTAKE CN F255--
16?70 Pvjt~v 0 PENTAf still,*7 *.~.4

14a00 PRINT o OPOSOCEE P" T 66 a?*
14290 PAW~ # 04004kc po f '44 06.90
14-300 PRINT C PROPVLENE PPL F -St us3#

14320 PRItk 0 SULN4j CtOA16t.E sFD 1 1 3

14-330 PRINT 0 TOLUtNE IOL Tor.......231 .4

14340 PAINT 0 VINYL co-L.0R11 VCH F 7 3.4P

14360 PRINT 0 *..OINCIPAL 06ZARU CODES Aflt---TmTOlIC# FufLA*NA4Ltf
143TIPRINT . . .

16360 PAW14 v It TPE CHEMICAL YOU WISH SIVULATEO IS N41 COIITAINCU 040
14140 PAINT obT' ABOViE LI519 CALL tHE 01 .ROA.CT 01FICER FUN ASSIStANCLot
14400 POWlk

FIG=P a-3 (contwoau)
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14410 PRINT • ALL THE CHEMICALS 'ShOWN'AIE+THANSPORTECAS1.IOUID ..
14420 PRINT ACMEMICALS WITH dOILIN4 POINTS GREATER THEN 100 UtOREES ARE*
•-4•S0-+ TNT•E0EkTRTCrr1WNSPURTKD-rAWU•NrT-TPERALTUR--S-•eSNPR1,UUP

14440 PRINT *C0EMICALS WITP BOILING POINTS LOSS THEN AMBIENT ARE GENERALLY,
"144S0 PRINT *TRANSPORTED'IN ONE'OF TWO CONOTTIONS$'-REFRIGERATEO-OR PRESSMP .....
14460 PRINT OURIZEO. %HEN REFRIGERATEOD THEIR TEMPERATURES WILL BE SLIGHTLY*
14470 PRINT *LESS-TIAN THEIR BGILING'POINTSM ND-THR-PRESUR - TY.
14480 PRINT OGREATER THAN AMbIENT I.E. *APPRCA. ONE ATMOSPHERE). uHtN*
14490 PRINT *PRESSURIZEO. THE CHEMICALS WILL BE TRANSPORTED AT AMBIENT#

*14500 PRINT *TEMPERATURES ANu AT PHESSURES EGUAL TO KEIR VAPOR PRESSURE**
'14510 PR1NT'*IN"'ATER-TRAN-5PORTATrON-TW7E-3IfPER5 i rlu Ouw U-REVGER-V--
14520 PRINT VATION RATHER ThAN PRESSURIZATIONe IT SHOULC ME NOTED T"AT*
14530 PRIN'- TI-ERE'ARE" EXCEPTIONSTO-THE-A8OVE'GENERWAtZATIONS"ANO'SOME*'
14S40 PRINT #CHEMICALS ARE TRAKSPORTED BOTH REFRIGERATEC AND PRESSURIZEO.D•: • 14550 PRINT

14560 PRINT
14570 RETURN ... .
14S80 PRINT * SPILLS IN CHANNELS OF TIOE ORDER OF 1.000 FEET IN WIDTH*
14590 PRINT *OR GREATER CAN "UECONSIOEREO OPEN-WATER SPILLS"UkLESS'TIOAL0
14600-PRINT COR RIVEN FLOW IS TO Bt SIMULTEC. FOR HOST SPILL PAOBLMS0,#

.• •1461 o-PRP•r-v5N-OPEN•--aTER-Pt-vP'LP'•o71--A•lr-Cio!f-wHvx'TYE-',l• ar--•

14620 PRINT OATION (COMPUTES GREATER DAMAGE) THAN A CHANNEL OR RIVER SIN-*
14630 PRINT *ULATIONk i .. . .. . ......... ... ...
14640 PRINT
14650 PRINT * FOR'LOS ANGELES HARBOR, ThE-NOST STGNIFIANT"CHANNEL* .

14660 PRIKT *COMPLEX IS THE MAIN CHANNEL WHICH LEADS INTC THE RIVER 0
I 4-6TO PWINT *FRC--RSC ~tt ~ "E "1ft 1E P
14680 PRINT *FEET OEEP9 AhO HAS MODERATELY RCUGH BANKS. PEAeN WATER TEN-$
14690 PRINT OPEPATURES IN LOW ANGELES HARBOR'VARY FROW 44.t1 O. F,'11 66*
14700 PRINT *CEO* F. (SEE NhO.AsA, CHART Z18749100
14710 PRINT
14720 PRINT * FOR NEW ORLEANS* ThE PRINCIPAL CHANNEL IS THE MI$SISSIFPIP

1'740 PRINT *WITH MOUEHATEJY ROUGH BANKS. MEAN WATER TE.KPEATUNES VARY$
14750 PRINT *rRPO 61 TO 0! EO0•'eF,"R-VER VELCCITIES RANOGEMETWEEN-•i"A• ....

14760 PRINT 06,4 FEET PER SECOND 1S5E N.O.A.A. CHART N11349)*.
14770 PRINT
14780 PRINT 0 IN NEw NORK HARBOR, THERE ARE MANY ChAhNNS AND RIVENSO14T9o-I•'w1•T`O-T`Fowiur.`•U .ENTCF•1-C)'t1t•e*L-rT-tE •r.C-r~r-Cn**1.-----

14800 PRINT *=12337). ALThOU4Hti RIVER ,LOw IS NOT SIGNIFICANT IN TIE NKoe
IARIO PRINT 0YORK CITY AREA* TICAL FLOWS CANUE"ASfI 'H"S••-FEET PER-SEC-0
14R20 PRINT *COO. IEAN WATE)I TEMPERATURES AANGd FORM 35 10 T1 OiG. F. UE-0
14630 PRINT OPENOIf4 UPON THE TIME O'YEAR.. ... ..
14600 PRINT

14680 PRINT 9T1E uIM %ILL NOT ACCEPT %ATER TEMPERATURES CUTSIOE OF TMEs
10r7o PRINT 04ANGE -4 TO *49 DEORELS CELSIUS (25 TO 120 #vMA1N4IT).I,,18iN0 PRINT

rAAO PA lht

(14-10 tw yINFO sUe FCR-QUESTIow2$; TO Z00 ....
14020 PRINT 0 't, SPILL LATITUUES MUST OE GIVEN IN CtUNEES* MANUTESs
14)30 PtoT- Ahc SECOheS KORtH OF THE EQUATOR* AND THE SPILL LONGIIUUE 188
14940 PRINT SCEOUEESt MINLTES ANO hECONCS WEST Of GREENVICII.
14450 PRIT
14960 PRINT 0 A NEFERENCL LOCATION FOU LCS ANGELES HANuOR AS THL 0

1640U PRINT 9 LATITUDE 31 OEti. 43 MIN* 00 SEC*
.'.990 POINT # LORMIUCE II e tJ4 16 MIN* 00 S.EC.
1500o PRINT

15010 Pint *EACH MINUTE CF LATITUUE IS EQUIVALENT TO Oft NAUTICAL KILL*
15020 PRINT #16O0O FEET.). ANu &I ThIs SITe EACH MINU0t OF LONpiaTUbE IS*
IS030 PRINt PECUIVALtiT TC SVW+OF A NAUTICAL MIL • 0?O4O"fT.t--ISUX *,O*A.*.*'
IS040 PAINT pC¢%*MT 107?N)8
Iqofo POINT
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15060 PRINT S A B4EFERENCt. LOCATION FOR NEW ORLEANS IS THE INTERSECTION*
1`5070 PRINT SOT T JHS"RVEYW CANAL N04- I -AND T1-LrSISSI-SSZPP r-*tVEfR,-A-0-*--
15040 PRINT * LATITUDE 29 DEG. S4 INIH 44 SEC**

15100 PRINT *AT THIS SITE. EACIH MINUTE OF LONGITUDE IS EQCUIVALENT TUO
15110 PRINT 05260) FEET (SEE ffo~A*Ai CHARTS 1.11369-OW-68-SCI);* -
15120 PRINT
11130 PRINT, 0 A 'REFERENCE LOCATION FOR NEW'YOR"1AHKCR IS NEAR0--- --
15140 PRINT sTse MOUTO OF THE ARTHUR KILL AT PERTH AMdOY# AT--*
15150 PRINT 0 LATITUDE 40 MeG 30 MIN* 40 SEC.S
15160 PRINT 0 LONGITUCE 74 CEO* 15 MN*H 35 SEC**

* 1617 PRINT *AT THIS SITE, 14 INUTE 0F*LONOITUDE<IS EOUALTO 3/* OF A*
15160 PRINT $NAUTICAL MILE (OR* 49560 FEET (SEE N*.C.AtA. CHART Si1133?).S
15196 RETURN -~--~'- --
IS200 PRINT * TOE V" SIMULATES TO BASIC TYPES OF HAZARDOUS CmEmICALS--*
1-S210-PRINT VTOXtC- AND"'FtANMABLt5Or- M TOX IC~tEM`ItAtr1Pttt iiH4 V"-IMmt
15220 PRINT OULATES TOE DEVELOPMENT Of THE. SPILL% THE VAOMIZATION UF ThEg
IS230 PRINT *SCEMICAL, THE FORMATION OF A-TOXIC CLOUD'OR'PLU1NE.';TmE*
15240 PRINT $MOVEMIENT AND DISPERSION OF THE CLOUD. AND T"E ACUTE TO&IC*
15250 PRINT OCANAGE IDEATPS ANC INJURIES)"OCCURRING"'TO PtOPLE*RESIDINGO
152*40 PRINT SIN TOE IPATO Of THE CLOUC.*0______________
9527O'-PWTNT.---
15260 PRINT 0 FOR FLAPMAvLE CHEMICALS* Tt-E VP COMPUTES FIRE DAMAGE ICO
15290 PRINT $PEOPItE AND PROPERTY RESULT ING FRON'THRE T'VPtS OF FIRE HAZARDS�-s
15300 PRINT *POOL. BURNING* FIREBALL AND FLASI FIRE. POOL bURNING OCf;UWS0
15310 PRINT OwHEN AN INM"ISCI6LE'FLAMMOASLE'L-tUID'*IS-SPILLED AND CATCHES"ONO -
15,30 PRINT SPIRE AT TPE SPILL SITE %I--LE 1T IS STILL IN THE FORM OF A$

330 #IN1VU~~rTPOO U'IOU u
1S340 PRINT
1S350 PRINT S A FIREBALL OCCURS %VEN'A PRESSURIZED' CAS-OR10HLTS
1S360 PRINT OVOLATILt LIOUID IS IGNITED Ab It ESCAPES* BLASTING THE TANK*
1ISM POINT *AND GEKERATING A IHIGHLY COMtDUSTIME MIXTUREOFMATE,?IAL ANO
15100 PRINT $AIR sHICh QUIRKS VERY PAPIOLY ANC FORMS A FIRENALLa THE FIRE00

'1 15400 PRIhT
15010 POINT * FLASH FIRE OtILURS''nR VOLATILI~CEMI~~PLSVL$ NoT
1S410 PRINT OCATCO FIRE AT to-E. SPILL SITE (DLE TO LACK Of AN IGNIr1tJN0
15430 POINT $SOURCE) OlUT -FORM -FLAIINAOLIE V&PO; CLOUDS lMITCH ARE- OL.CA OWN 0QN.
19440 PRINT OuthO AND ARE IGNITIED At SOME DISTANCE FROM tHE SP~ILL SITIE* TihEO

'15490"PR INT IFL ASt'FPr-UA~ar frl~rETOtCUE-T VYLt
I5460 PRINT OTt.E TOANSPORT OF THE HAZARDOUS PATERIAL FRO*' THE SOILL SItEs
19470 PAINT OTC 0OWNMIND A00ASTHAT CAIN ff MLCH NONE POPCLATED THAN Tft~ 0

- ,IS4400 UPAW*S PILL SITE. IF. At THE TIMt Of IGNITION* ALL OF THE SPiLLECO
15490 P&INT *LIQUID HAS NOT 6EEN VAPCAIZEUV'THt% POOL HUAINING OCCRuS IN #
ISSOO PR~INT &ACCtVION TO FLASH FIRE*. ALSO. THE. POSSIMIL1t EXISTSi toATP
11%410 PU ThT'oMNC1ER CERTA tR'"CONCftrINS ETurvG MLY 1OMDUtt-nng-1PLOUDO'
ISS20 PkINT $CAN EXPLODE RAtPEA THAN BUkk. I-ENCE% THE VP bIMULAYES Tot~ tl-S
15530 POINT SPLOSIO& Of T+[ vA~O0 CL1C'O IN ACUITION TO FLASH FIl4E AND LOP-*
I'S..fl POWtOt 5TES It~ EXPLOSION DARAGE TO PEOPLE. 4WD PACOt.RTY AS atLL AS#
15SSO0 AINT drLASIH FIRE CAMA01. tHot VCR is CaUtIONED THAT Ilk ALL CSaEaS0
ISSAO .0INts VIIVOLVINC~ uiCaNfIKEO fLOPHAIILE VAPOR CLOUUDS KLASS biwt~ IS NUC146.
15574 PRINT #prcP kISEL TO WCOO lt",AS 91MtOSION. HOu(vAi. txPLosION-t 4S jit-
IS5Sfl PAINT oCLuaeC &S a %OAST.CASt CeNMIERATONs EVEN 11%UMH AT 15 NECO400
1M90 PRINT *ktIZED TO SE A 404VIE POSSISILITV IN MOST SPILL SITUATIUNS04v

MID0 PAINT

1"420 AMET"

FIGURE~ B-3 (coaatinuod)

B-47



'-IS630 -PR IrhTN -- TPFE F"WE" ~ T IU ~E ~iO 1 U E~t0~
15640 PRINIT *IhZAAR('ýS MATERIAL SPILiS AT SPIC1rlED PORTS* NAilUWRS. OR*
15650 PRINT 8OTI-JR PARINE LOJCATIONS* T0-C0 Tlh12 THE %SER'MUST' SPECIFY TKOEP
IS660 PRINT *LOCATIOI 4NO Cl,ýRACTVWSTICS Of THE VULNERAtLL RESOURCLS IN*
15070 PRINT $TOE VitINITY Oi TFE SPILL SITE."THIS"IS ACCONPLtSN4EDB*U
1S6680 PRINT WNANS OF A 1ý-OGNAPMICAL/OEWOGRAP~jICAL FILE wh&CM DIM~iES THsE*

-1s690-PR urK1"eREAOFT1TERESr TOCULtS-" 0lO-otS-TiwIlCcWTtOw1r-NtwgM -PIP----
15700 PRINT *PEOPLE* AND NUMdER AND VALUE Of BUILDINGS VCR EACHN CELL**
15710 PRINT STt'ERE ARE FIVe GECGRAPttICA.,OEMCURAPhICAL ItIENTY
15720 PRINT OEXIST1NG IN ThE UtNIVM SVSTEM. TMESL ARE--* -

15730 PRINT
157A0 PRINT 0 FILE NuI48ERA

"'157,90 PR i NT-*'RT NUMSU# -OrC"XtS AAOO-
15760.PRINT * e --- . .. .- - -- - - - k--- --
15770 PRINT *tL.A. '1611 362 T PALO.-VERCE TOMUNT" 8CM7 ALO&O HAP8OI4B
I184a PRINT *k.o. 2211 133 FIWN METAIRIE TO AhAdIS
15790 PRINT *%* A 14U~tt~M.ArN.P~i# U
1S800-PRINT *N*V. 3612, 386 CCNEY ISL* AhC UOUTI4 OROOKLYNO
15610 PRINT
1S820 PRINT
15630 PRINT- -- ' 'APENOrX-C gf-THE- UIRUSER4S ItrOE-PNL-SEWTESrAPS -OF' THESE*�
15S140 PRINT *VILE$ StOWING ThE PRECISE ARiA COVERED BY Th-E FILE AND wa*.1ES
I585 PRiNr *Eicri~'cfi IS'LOCATI7D 'BY-PLOTTtNt3IH4E'SPIU. LOCATION AIND THE$*
15S160 PRINT *htt0lH_ IEC1ONt TlE UIIt1 CAN OETE144MI.N WNIOP UEOGRAPNICAL PILEs
15870PRINT .1S~P~~ETI-NR s SR't-NY ~ToI~tl3-tOl`*'---'
151180 PRINT 0CQVFWU ýby AN EAISING FILE#, ThIE USER SNOULC CAL.L THE 910
15690 PRINT *PRO4ECT CFFtCER 1`01'A$SUSTAT4CE4 -.

15910 PRINT 0 ASSOCIATED0VITH4 LACP GOGRAPHICALIDE9IOURAPNICAL PILL IS AS
15920 PRINT.SSECON'2ANY FIRE FILE. THESE ARE LISTINGS OF CELL$ WHICIh CONTAINO
15930 -PIP SO~*W~t~SS-tfte~~IA1vHtt-i*'
IS940 PRINT BI43NITEC BY Th*E 41.14ARY FlIfE hAZARO* WILL CALSt. FIRE DA"AGE TOo
I5950 PRItNT OTI.E VULNEIRAOLE lNESOURCES"'If tME VtCIN ITY -Of INTEC SElCONICAkT F i4E* -
15460 PRINT *SCURCE. TOE USER loAS TuEl OP~iOk Of USING TOIS FILL OR NOT**
15974 PRINT.............-. . . . .-

15480 PRINT

16000 PRINT #FROM EITJhEQ TOALP, 09 l.kiMAL EFFECT$* IN Th. CASE Of TOAICS
14010 PRINT dOAPAGE. Til 314ELTEREO PEOPLE ARE ASSURVO TQ BE INDOUR$ISAND TMERI-#
16020 PRIN"ý SFPOE SL4.JECTEC 10 LESS TONIC CONCCNTkIOMN luiAN PEOPLE OutOOORSatB
16030 PRINT *FOR PIRt, OAMAOC6 T"E SHELWMU FEOMI.EAQE AlSuNUlQ TO Ot SNitELO*.De
16040 POINT W5RW* VNKRWL '1AUIA'I0N OY *ALL$ OR BY STRUCTUME6 AND) GO Not Atas
16050 IT 4iRt ttv -P jmtr .

.16060 PRINT *FRACTION. 514ELTEkEC IS aSo. FOR VE4ieA. V~tQ Thl AL S~ PMO
16070 PRINT 090Y YOiQ LOU SECCAUSE SUI4E Or Ti~ Pt*uP`L OVISIOL Ai VELL" AS AlLs Of 0
160110 DOWN dtq. PEOPLE WidtIG WILL it S-%19t~i. A jVAtiU Of *IS IS vo~bW
16000 PO~INT 00 PONE APPRO".1ATC ioAiiý fOa TNj~bI4i OAMA&Gf CASES.'
16100 POINT -'--

lhiz u PuW spo E y 1NF0:luT1uth Sua'*04jT1NE raOý QUES1IQ):S
1610 POIN~T 0 IN CONPLTING CANAOX VOR tK. VA1OUj3 CEWLL 1" VA ~M AKES#
1614h VOWIN OCOPPUT61IONS At SIPULA110 I1'ftt SPV2tlvc: b!ti T uttks Tnsito
141%0t PRINT VaNoutsmaRE heecto to S"E.ctry A !Wt-iz ~ #I Ttwti 0441aI
1.f1NO POINT *LTA- CON00I~t~bN Aidf 1 w14 x T'&t~f Iii CQ PUIJ)T104 ARE*
16170 POIht$TV C .0T. Mtil iNt."Avt O(~, jrm Times
16100 O RIKY 05(fiUENKtS BAl AVAILAULL IN , I iVoiO ~.Ri*t1IY
16190 PeRi~t PlIK MANCLthe CifecilENT PROO8LiM. ltw,(l5l IIi. SkutUNet. IS S'OE-0
10100o PRIhl O1 icri IN UNITS 0.) SECONGS ANQ TW 'JC4. IN 00~L WANI4NG0 R FINLOALLS
16IWO PkI&T lPI4C4Ll%$ m"MR 1"Vt~i- OCR CUM~ SOO%. Oftt tlk TESOILL* Ttt*
14belo ORINt fSfCaO ND U tPIRO JJ;AX SE4Uhta4j 4WE IN UNITS OF 4INUTIS. 1ThESL Auto
ISMT PRINT * UsEc. IA rplir imPA~A oj rLsw~ FPc# PROOLE014, i£NotlVIu THE to*"-*
14?40 RINTl BeING 1QANS009t 11 ý- Ti-i 4ANDUý VARJV CLOUL'. VWOINARIL,, C'.L. O.Lo
162%0 QRItk sTIE SEulthtlC Is EtIao roi TNEsi~ P0w~tS* AND A kLCq'4NLN~oe
I6?a0 POWN 45[GUENct 1 ifi tui I0-
1e270k PAINT 0 14610I *4 2 e1ult.se
10060 POINT 0 V-LV Z4M '011MNTES,
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• 16310 PRINT 0-OWEVEER'IN CAStS WHERE THE'VAPCR 0LUUO MAY TNAVtL OVE LARGDE
16320 PRINT *CISTANCES WHERE NC VULNERABLE RESOURCIS EXIST9 SUCH AS Tht CASE*
16330 PRINT.tOF A SPILL OCCURRING SEVERAL #ILES FROM SHORE* Till USEN WILL*
16340 POINT *CONSERVE COMPUTER TIME BY LSI•C-WO TIME SECUENCESo I.E., OOTMS

16360 PRINT *wOULO BE SPECIFIEC FOk TIE TIRE IT TAKES TI-e VAPOR CLOUW TO REACH0
16170 PRINT $SPORE AKC INVREQUENT CALCULATIONS WOULD eE SPECIFIEOi"THEht THE*
16380 PRINT *T-IRO SEQUENCE *OULD 1 E USED TO SPECIFY THE FREQUENCV OF CALCU-0
16390 PRINT *LATIONS AFTER T"E CLOUU REACHES TH-SHO RE AI-NOD E FREQUENT CAL-*
16400-PRINT OCULATIONS NORMALLY USED FOR POPLLATEO REGIONS OOULD SE SPECIFIEOv4

16020 PRINT
16430 PRINT t ft- UI HAS 'AUTOMATICALLY SPECIFIEO A. INFREQUENT TIME*
1640O PRINT $SEQUENCE OVER WTER ANO A 2-141-N.T SEQUEkCE OVER LAND FUR TOURO
16450 PRINT *PRORLEM. IF YOU WISH TO CHANGE THIS TIME SECUENCt:'ENTfR INPUT*
16460 PRINT OOTOERWISE* ENTER NO.*
16470 PRINT
16460 RETURN
1649O REM STPIS SUB USED FOR OLTPUT TO A FILEaS16SO0 Oa)

-. )6501 IF VIu*NEW* TI-e 16530 ... ..........
16S30 0.3

1:540 PRINT 3C USING 165SOUIP INI0UT*,NOIhNZS

S16.S00 z z t==-g== ..16570 PRINT =c USING 165800"IIM1I . .. "..
16580 11001 Z.- ...

* 1*610 PRINT 3C USING 1'&0LtII1.OI. . ...
16620 1 22 z
166-10 PRINT ZC USING 166#02,41,,120.63

16650 PRijr • USIN 16601'f ,1'1.13 135 ?"4.-
16660a--

166100PRiNT H E IN0 1678S0,Z ,6Z, 365I, . . .. ..

16690 iPIT,

16700 12"a ;, s
16110 P icY CusThQ 167

16130 PRINT --c USIN4 60,tv)133d23
16740 h::: Z - -

161S0 PRINT :0 UqihG 16760,l1,13S14213#131-
167b0a-

i677o'" PNINT to LsIN 60.Z17.1371

16410 PfRIN' MC L6,INO 16620vZI113,)27.43*I371

16830 voIIN CC tsfNe 1690 Ott I ill 1 3,tf .OV -t~a

I tkarg PRINT 1C U%ING 06,I.61~~0t1.4

101600 a--------- e

Ie920 pa1Nt ZC 6tho~~IR~a.1)Z31twh

16030

16950 t.,,,S

_____________________ A- .. c;- .--g, Su.. .



16960 PRINT iD USING 16970,Z(19l1)9Z13,l1)tZ(2,11)
16970 1' :::::
16980 PRINT xC USING 16990,Z(1,139)1Z(30139)
16990 i : = . ....
17000 PRINT =O USING 17010,Z(1#IOl)Z(311011

17020 PRINT =0 USING 17030,ZllOh2)Z(3,102)
-17030 '1E -

17040 PRINT ZC USING 1?050,ZOt1,.404Z(3,140)
17050 : Z- =. 5
17060 PRINT -= USINC 17070,Z(1,i03)tZ(3,103)

~T070T----
170OO PRINT =0 USING 17090VZ(10141)tZ(391413

17100 i; M21s10)l THEN 17150
L.~~ -1711 r'PR INT'•-=1-US-ING'1T20-91 MOT[3tT (73"-9" Z 3T---

17120 := E. :°: .

17130:PRINT =O USING.17140Z(1104)#Z(39104)
•• ~~~17140 :E o E

171.0PRINT_-i..USNG.7rO0i7,cr; T iT421 -

17170 IF'.Z(2i WlO) r ENX- 7220 . .......... .... ... .
17150 PRINT ED USING 1?190,Z(1,14)9Z(3qI4)9Z(2#l4)

17200 PRINT ED USING 17210,Z(1,15)#Z.3*1S)9Z(2,1S)
17?10 :*= -- -- " .. .
17220 PRINT EU USING 17230,Z(,l18)9Z(3918)*Z(2,18)
17230 :...
17240 PRINT %C USING 17250,Z(1,17)#Z(3,17)Z(2,17)

17260 PRINT =0 USING 17270iZ(1*2S)sZ(3$25)q?(2q251
17270 :=-==z ..
17280 PRINT V USING 17290.Z(1,143).Z(3,143)
17290. . . . .. -z-. .. . .
17300 PRINT =C USING 173109Z(I*23)9Z(3*23)oZ(2923)

17320 PRINT Z0 USING 17330*Z(tlO5)sZ039lMS)9M5S
17330 :=5= . . . .=0 '> -' .. .. . . . .
17340 PRINT i0 USING 17350,Z(1,'106)sZ(3,106)
17350 :::=:.........E,.........-...... .......
17360 PRINT :0 USIN6 17370sZ(I*147)*ZA39147)-17 3 70-"-1'--:2-=----

17380"PRINT ED USING 1739O*Z(l*.5)9Z(3#1551

17390 5 =-Sz
17400 FOR K*148 TO 154

.17410 PRINT =C USING 17420il(1,K)hZ(3%K).
17420 S5IS -
17430'NEXT-K' ...

17440 PRINT F0 USING I7450,Z(126)sZ(3,Z60,Z(Q*26)
17450 ::2=x M.z:
17460 Fo X=27 TO 35
17470 PRINT Z' USING 17480%Z(Q*K)*Z(39KlsZ(29K)
17480 t=24 : -:::
174-90 NET' .- ................. .
17c00 PRINT S0 USINC 17•S10,(1,20)t0.(1),L%(I)
17510 ----- --------
17520 PRINT EC USING 17530,ZIs2W9),Ll(2)9LS()
17530 Ii-- -- S E---- - - - = =...........
17540 PRINT SC
17550 IF 0x3""IWEN 17640.....................
17560 0ISuiSAVE9**OS
17570 CLOSE SCt 014
175S0 PRINT *A NEw FIL!,: ,AS bEEN SAVEr FOk YCUo
17590 PRINT USING 17600*05
17600 :THE NAME Of TtE NEA FILE IS E55E5E
17610 PRINTFPLEASE REMEMBER IT.-OW FURTeVR t.SE*-....
"17620 PPINT
17630 RTURQN
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17640 RES *PROCEOURE TO SAVE TH-E NL.W AND OLD FILE.S**

17650 O1.Su0SAVE,.s -A.. ..O *

17660 CLOSE ZOS OlS________
1,660 PRINT 01T-E NEw FILE tHAS BEEN SAVED, ITS NAME IS WIS;**
17690 PRINT' *THE ORIGINAL 'FILE -STILL EXISTSi'ZTS ,NAME-lS`-STILL-4lES *00
17700 PRINT
1?710 RETURN -- . . --- -

17720 PRINT *TSIS ,FILE ALPEAUY EXISTS ON DISK**~

17740 REP 'OSUO USED TO GENER NAOEO
17750: DATA ADCU.EFIo-tJKLM.NOP.OROSTUVWsAýYs~t
1?760 DIN AIS(26)
17770 MAT READ Alf
17780 DIM AZS(#,
17790 FOR ta1 TO 6

17810 NEXT I. .

17820 F~al
1?830 uAS)A2(.21)A(*A2()A(6
17040 WEfURN
17850"1E14 WTHTS"RO"CKURE -USED-TCYNU~ rr l-lt
17860. 0su*DUmlYFs
17870 0.2.--... - -- -

11700 PRINT
17990 PRtNT 00HAT IS ThE NAME OF THE-FILE THAT 'fOU 'WISH TO 'LOADOO
179000 INPUT 04
t?9I17'T D%*#SO~rT0Ff"MN '-0
17920 IF LENIW0Ju TtHEN 17980)
17910 PRINT *THOSE FILE ACCESSASLE BY'THE UII' ARE-ONLY TI-OSE CREATfUs
17940 PRINT $BY TH4E UIM TNUSE FILLS CREATED HY THE UIN ARE. SIX(612
17950 PRINT OCIHARACTERS IN LENGTH. PLEASE RETYPE YOUR* ANSWER* YOUO
17960 PRINT OTEPAINATE THE PROGRAM dY ANSWERINU STOP**
17970 ICTO "I7900 ,
17980 FILE 2-0 0OET*040S
17990 PRINT'.-
1@006 PRINT *PLEASE wAIT WNILk I LUAD YOUR FILEs#
10010 INPUT ýC*FS
18020 INPUT gCFsFISHIS
18030, UWI415*-*I*S
18040 GOSUIR 11930
18050 INPUT ~.(.')Z22)~221 - -

18060 INPUT -50sl(IsI2019F1
18070 F5.x..
18080 GOTO 01060

18100 If 0380 TO-EN 16130
18110 43S8$YES*
18120 GOTO 10140
10130 R3s**No*
14140 INPUT =C#Z11.4)01(3,4)sZ(2,')
18150 PEW #U'JTTS ANCCmiNrrAL PROPER rTES -SLITS--
18160 IN~PUT !0iZ(1.5)%Z(3sS),Z(2s5)

111170 INPUT =O.Z(lsQ)#Z(39qIZ(2#9I
10190 INPUT j,1,h(,)Z~3
18190 INPUT I.(.3It'15

1A200 INPUT ~,(,~Z37Z2?
18230 INPUT !Cs2(1,U7).Zf3s?13719

14230 INPUT ~,(,,(~6,(.6
1820 INPUT t2I1 l(, IN9

18260 INPUTi,11)73~o4r.0

14?6O IF Z(?lftlal TPEN MOO01
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18290 INPUT ECvZ(I'912)9l(39j2)9Z(2#12 .
18300 INPUT :COZC1913e)9Z(3q138)
18310 INPUT jDZ(i1l)tZ03#l1)9Zt2tlI) ...
18:s20 INPUT iDZ(l,139)9Z(3s139)

-- r330--TNPVT---tTI lVI-Yr-t(3 .TO)
18340 INPUT BO,2(I#I02)sZ(3#102)
18350 INPUT D•iZ(Iv4O)iZ(3I . . ..

18360 INPUT =C#Z(1103)sZ(39103)
18370 INPUT jC.Z(1,14I1sZt3,141) ..

18380 IF Z(2vlO)zl ThEN 18410--- •--• "~~Tg•Jg0-"NPUT"-ItU'Z-lTr.Tj £ ' i' ryrZr(r---
18400 INPUT UCZ(1,104)tZ(3#I04)

"18410"INPUT ED#Z(li'I.42)Z(39142)................
18420 IF Z(2,10)=1 THEN 18450
18430 INPUT •C.I'.hZ),I'.)iZ(,t4)
18440 INPUT iC92CI*1,)sZ(3#lS)sZ(2#lS)
18450 INPUT =0.Z(1ll),Z(3918),Z(2918)
18460 INPUT =C#Z(Q1,13 Z(3t17)#Z(2t17)
184TO"INPUT~t(t5t••)Z2•

18480 INPUT =CsZ(l,143)9Z(39I43)
18490 INPUT' CsZ(1#23)sZ(3923)9Z(2#,3l............
18500 INPUT =OZZ(1l05)9Z(3,105)MNS$
19 I510 INPUT* ýFCZ (I-iIOe) Z'(Z4 j~er- -

18520 INPUT ECZ(,147),Z(3s147)
18530 INPUT =C9Z(1 155).Z(3 15S)-........... ..... ...
18540 FOR X214A TO 15i
18550 INPUT =C9Z(19K)vZ(3.K) ... - ...

"18560 NEXT K
18570 -INPUT .I* .*126)-9?i3T?'6 CVZ"{iz
18580 FOR K=27 TO 35
18590 INPUT _OZ(ItK)9Z(3*K)oZ(29K)............
18600 NEXT K
18610 INPUT =CtZ7(t20)sFStL(IV)...................
18620 INPUT =DZ(j#2I)9F$,Ls(2)
18630 PRNTT...
1640 PRINT *FILE IS NOW LOAUEC.*
1650 RESTORE SO ....
18660 uOSUP I9910
18670 PRINT
18680 IF K14>0YES0 TPEN 07900•" 18~I690"•Fp Fl,'lI"'TV•ENImo30-'

18700 PRINT *Ti-E FILk LOACEC WAS CREATED USING MKS UNITS.*
18710 PRINT *CNLY MKS UNITS CAN BE USED DURING EDITING,.
1P7e0 60 TO 07qQ0
19730 PRINT #T•E FILE LOACED WAS CREATED USING ORITTSN UNITS.*'
18740 PRINT *ONLY BRITISh UNITS CAN BE USiO CURING EDITING**

"187SO T'O "079?TYO--....
19760 PRINT
18770 PRINT *LCADIN( 0ID ... .
14760 Fb=2
18790 GOTO 18010
-A800 REM 6RPANCN TG UJILC A VM-ACtEPTAULt DATA FILES
1_310 024 4.. ......
1•820 FILE zt)=mV'INPUT#
10430 P~RINT SoNli#Ni!S
IMA40 PRINT ý20** 0
-1R-0 PRINT fet*g001*1I4I
14860 PHIKT =C LSING 188T0sZ(l,4),Z(3,4)-- • 1H8~~IR70 ::• . • ................. ,...................

19880 PRINT 0C USING 18890.*(1S,),1t3,S)
1M890 tz:==Z=I
1d900 PRINT CC USING 149l10ZiI*9)tZ(3o9)

18920 u%4INT 80 USING I•30.Z(1,Z)tL(3,2) .

P933n0 •:8888 . .... ... .

18940l PRINT =0 LSiINC 1"49S092(1t3)#Z(3.3)

FIGURE B-3 (continued)

B-52



18960 PRINT iC USING 16970,Zfl,135)tZ(3*135)S~18970 liz • 1.

18960 PRINT ZO USING 18990,Z(C16),s(3,6)

19000 PRINT 50 "SING 19010q.ZQ97*L(37?)

19020 PRINT ZC USING 19030,Z(1,13?)*Z(3*I3?)
19030 *55 . .
19040 PRINT .U USING 19050*Z(1*8t~l(3,8)

19060 P;INT i USINtj lieo*Z(l9b1*)Z(3916)
19070 1=2 A~mw%
19000 PRINT ME USiNG 19090WZ1019)*109,19)
19090 I====
19100 PRINT -U USING 19110.Z(ltI0lZ(3*10)
1,110 1 !,
19120 IF 2(21,0)-I TNEN 191SU
19130 PRINT ZC USING 19140*Z(l,12)#Z(3*12)'
19140 *555! .SS
19150 PRINT =0 UsINO 19160,Z(ltt38),Z(3*138)
19160 t 6: .
19170 PRINT SC"USING 19180vLtI1I-ZT3.1I)

19190 PRINT EC USING 19200*Z(II39g)Z(3,139 "
114200 12=z.~:s

Q1910 PRINT =0 USING 1z22a6.z(tO11*71z(31O1)1420 1==z3 Et

19230 PRINT 5C USING 19240,ZW,1102)W134102)

19250 PRINT =0 USING 19260t(1,1401•O *(3.1401
14260 t~:* 2!#
19w70 P4INT FE USING 19280,Z(1.103),Zf3,103)

19290 PRINT =C'U$IN'I9300iZttrfI41"YtaZr3T•4IT.---.
14300 15 =zj*.
19310 IF Z(2eOlu)l TKEN 19360
191?0 PRINT UC USING 19330tZ(jI,3)*Z(3*I31
149330 1 -: -F2
19340 PkINT =C USING 19350,(W1104)2(910O14)
19350 25555 15j5-*M19360 PRINT 5 USING 193?0,Z11,142)ti(3.14.)

19170 12%=5 *2
14300 IF Z(4,l0)l TKEN 19430
19390 PRINT =C USING 19400sZ(1*4ltZ'(3,1s""40 Igloo :..- • ,

19410 PRINT CC USIN'G-19a20**Z-llS)rZT3hi15..---.

19430 PINKT ZC USING 19j44,,Z(ll8lsZ(3,18)

19450 P~iKT 10 USINC 1Q460*,2 T140sZ(3.17)
19460 ::-": ic ':-.'
10470 IV MSit *SO ANC GSF4LFA9NK*" rEN-T19'490-"|9&i0 GtseSFS3LaN~p
194Q0 PRINT :C 4SING 1500.Z(1.251,i(3,25)
19S0 2O :
1510 PRINT SC USING l95?0.Zll143tZ(3,1431
lQ~5O t!5• -,

19530 PRINT SC USINQ 154 0ZIs2 3)1t 27V..1'J5'O t33 -,

19550 PRINT ZC USING 1I560,Z(1,105lZ(3910S*
19460 t55 •
19S57 1F ?(2*23)v4 TsEN 19600
I-Qqmo PRkrI ic LSING 1y5Y0~l(l.106lZ43O10e)
19 g590 1 :55 -2, -. . ..

lqOO0 PRINT rO : lIN 19610,Z(l147),013,1471

FIGUR•E B-3 (continued)
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f

'1 19620 PRINT UC USING l9630,Z(1.146)tZ(391461
196 30 94= 2 • . ..
19640 IF Z(3sISS)z999 THEK 19670
19650 PRTNT- 'SZ ING -- 96-60 1. SS11t ((3 .95I ..-
19660 :2 :
19670 FOR K-148 TO 154.IWO8 PRINT ZC USING I9699sZ(I*K)9Z(39K1
19690 : , .19700 NEXT

19 730 , F 0R Kwa 7 To 3 5 -19740 PRINT =0 USING 19?90sZQ*K)#Z(3sK)

19760 NEXT K
19770 PNINr =O USING 1 9 89*1(IsZO),L1(I1
19780 Iz ii- -z==z

19790 PRINT'30 USING 100*QZ(l,21),i2l (zr -
19800 Izzzz
19810 PRINT 0C
19A20 CLOSE T0

19840 CLOSE EIS
19AS0 IF GU53SFBLANK$ THEN 19e0 .
19860 FItS =16: *GET*e*Gs
19R70 CLOSE =16
19880 PRINT

19900 STOP
19910 17 Z72#24)43611 T'*EN 199SO
19920 F$x0GEOKv4*
q'930 G'SaSECKY4.

19940 GOTO 201SO

19960 Fia*GEONy40
19970 GSs#SF9LANK
19980 GOTO 20190
19990 IF7 (2*244)4,1611 21,%030
20000 Fa*IGEOLA£*
20010 Gfa*S7UL'AN .--.
20020 GOTO 201;0
20030 IF Z(2%242)4)>612 TOEN 20070
2004.0 FUWGQE0L4Zs
20050 w$#SFPLANKK
20060 GOTC 20190
20070 IF7 (2 s?4)C),221 -TI-N *2M10'
20080 FisOCEONCI,
20040 (SU*SECF;E$
20100 OOTO Z01Q9
20110 PRINT OTHI1 GEOGRAPHIC FILE UOES NOT EX1ST.*
20120 PRINT *PLEA5E wE-ENTER THIS VALUE* OR TYPE*20130 PRINT 'YTE WORU'STOp ru END IHE PtObRAit-
20140 ("el
20190 4ETUWN

FIGURE B-3 (concluded)
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Appendix C

DERIVATION OF PROBIT COEFFICIENTS

Fourteen toxic chemicals are incorporated in the UIM. These consist
of seven chemicals for which probits had been previously derived and seven
new toxic chemicals for which probit equations had to be developed. For
the previously derived chemicals, all probit equations were reviewed and
"changes were made where errors were found or where new data could be util-
ized. For the new chemicals, toxic effects literature was researched and
probit coefficients were derived from available dose-responso data, using
logical extrapolations and inferences where necessary.

The probit methodology is discussed on pages 77 to 90 of Eisenberg et
al. (1975) (reference El] of this report) and can be found in numerous
tox~cology or mathematical textbooks.

Table C-1 presents the probit coefficients derived for the 14 chemi-
cals. Presented are the concentration exponent (n), the constant (a), and
the slope (b) of the probit equation;

Pr - a + bin ndt

where: Pr - probit value
C - concentration (function of time)

te - time of exposure

Also presented are the irritation thresholds.

The dose effects data on which each of the probit derivations is based
are summarized in the foLlowing paragraphs. Much of the data represents
expert judgment of specialists after review of the existing dose-response
data for animals and humans.
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TABLE C-i

Probit Coefficients for Toxic Chemical Lethality
(concentration in ppm, time in minutes)

Exponent of .Irritation
CeilExoeto Constant Slope Threshold
Chemical Concentration (a) Tb)re

(n) (P)

Acroleihn 1.00 -9.9315 2.0488 0.26

Acrylonitrile 1.43 -29.4224 3.008 None

Ammonia 1.36 -28.33 2.27 100

Carbon tetrachloride 2.50 -6.29 0.408 None

Chlorine* 2.64 -36.45 3.13 3.4

Hydrogen chloride 1.00 -16.85 2.00 10

Hydrogen cyanide 1.43 -29.4224 3.008 None

Hydrogen fluoride* 1.00 -25.8689 3.3545 32

Hydrogen sulfide 1.43 -31.42 3.008 70

Methyl bromide 1.00 -56.81 5.27 None

Phosgene 1.00 -19.2736 3.6861 5

Propylene oxide 2,00 -7.415 0.509 None

Sulfur dioxide 1.00 -15.670 2.10 5

Toluene 2.50 -6.794 0.408 None

*Injury probits are available for chlorine and hydrogen fluoride only.
The probit coefficients for injuries are as follows l

Exponent Constant ao

Chlorine 1.00 -2.40 2.90

Hydrogen fluoride 1.00 2.797 2.90

C-2
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ACROLEZN

The dose-response data used for. generating the probit coefficients are
presented below. The data were extracted frcm the table for acrolein on
page 88 of Rauach et al. (1977) (reference (21 of this report).

Exposure Concentration
Deaths (minutes) (u

3 45 14.76
15 42.13
5 126.53

o50 90 14.76
45 42.18
10 126.53

97 90 42.18
22.5 126.53

ACRYLONITRZLE

Acrylonitrile is a liquidl boiling point, 77.3CCi by weight in
saturated air, 14.51 solubility in water, 7.3%.

An unsuccessful search for useful dose-response data was made, and it
appears that even a substantial further effort is unlikely to pay off.
However, we can make a reasonable estimate of htman rasponse to acute ex-
posure at high concentrations because acrylonitrile is toxicologically
similar to hydrogen cyanide (lEN), and a similar type of response can be
expected. The problem then is to estimate relative numbers.

The complicating factors aret

* N ICN gives far from constant ef.ects for a given dose (Ct)
over varicui exposure tinmes; the reason is rapid detoxifi-
cation to SCN' and presumably acrylonitrile is the same.
(See the table in the Hydrogen Cyanide section below,
where the LWt 5• for 30 minutes In 10 times that for 0.5
minute.)

* The CN of acrylonitrile may not be as iuediately avail-
able in vivo (though the literature is Uhclear on this),
and so the detoxification may have more opportunity to
occur. (We propose to ignore thist we have no way to
allow for it, and not doing so will avoid possible under-
estimation of casualties.)

I*WCt 50 is the dose (conoentr',tion times time) which results in 50%
deaths.
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Lethal exposures to acrylonitrile from Patty (1962) are:

Rat 1.38 m'g/liter
Rabbit 0.56 mg/liter
Cat 0.46 mg/liter
Guinea pig 1.25 mg/liter
Dog 0.18 mg/liter

These are not to be regarded as LCS 0 "values and times are lacking or not
explicit, so we have no XCt values. Note that the dog is most sensitive,
as for HCN. omitting the dog, we have a value of roughly 1 mg/liter or
1,000 mg m3S. This is equivalent to about 500 mg/liter of HCN (on an
equal CN basis). The coicentration of HCN estimated for LCt 50 i• man is:*

Time Concentration

(minutes) (M2 MS)

1 3,406

3 1,467

10 607

30 687

We don't know the ti.mes for acylonitrile, but they are very probably
more than a few minutes (and this is the true range of interest for the
VH), so for the derivation of the probit coefficients for acrylonitrile
we used the HCN dose-response data. (Acrylonitrile should, however, be
significantly less of a hatard because its vapor pressure is lower.)

The best estimate of dose-response and its time dependence is pre-
sented in the following table which is extracted from Table 6-4 (page 86)
of reference (1) of this report.

Expoesure Time Concentration
Deaths (minutes) (PM)

3 45 1,750
15 3,250

50 90 1,750
45 3,250

97 90 3,250

*Lcs50 is the concantration that roeulto in 50% deaths. Usually a time Is
sopoifiod whon LC50 in givon.
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CARBON TETRACBI.ORIDB

The probits for carbon tetrachloride are derived from dose-response
data presented below and extracted from pages 81 and 82 of Rausch et
al. (1977).

Exposure Time ConcentrationDeth (minutes) P)

5 5 6.67 x 103
15 4.45 x 103
30 3.18 x 103
60 2.54 x 103

50 5 33.4 x l10
15 22.25 x 103

30 15.9 x 103
60 12.7 x l03

i' HZORXXV

This is definitely not a Haber's Law toxicant. As concentration in-
creases, the LCt 5 0 decreases. Beat estimates of tim relationships are-

-- • "T im e W S O W ~t so
ti(PMe (1wmin)

Several hours 20 3,650

"60 minutes 33 1,980

10 minutos 600

The dose-response would be more or less the same at the various expo-
sure times. The beat esatit.mte of dose-response iss

% Lethality Relative Dose

10 0.66
20 0.76
50 1.00
"80 1.30
90 1.50

The basis for the injury probit coefficients is given on page 87 of
Eisenberg et al. (1975).
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HYDROGEN Cli RDE

The probits for hydrogen chloride were derived from the dose-response
data below extracted from Table 5-4 of Rausch at al. (1977).

Exposure Time Concentration
Fatalities (minutes) (ppm)

3 45 302
15 906
2.5 >1,342

50 90 302
45 906
1 0 >1,342

97 90 906

HYDROGEN CYANIDE

The following estimates of toxicity for man are from McNaaara (1976),
and may be confidently used as the best and most authoritative eastimates
available, and were used to derive the probit coefficients after conver-
sion to ppm.*

Lethal Dosages for Nan
in q mrin m-3

Exposure Time __D__th_

mnutes) 1 16 30_ 84 99

0.5 1,177 1,606 1,791 2,032 2,552 3,480

1 1,930 2,632 2o937 3,404 4,183 5,705

3 2,546 3,473 3,874 4,400 5,519 7,526

10 3,888 5,302 5,916 6,072 8,426 11,491

30 11,992 16,355 18,247 20,632 25,991 35,443

McNamara arrived at these estimates by the same sort of method that we
have used previously. Data for various animals (Barcroft, 1931) were ana-
lyzed to get dose-response regression Litt", and the susceptibility of man.
(i.e., absolute value of iWtS0 ) was assaed to be similar to that of the
resistant goat or monkey. (This was supported by, inter alia, BarOroft's

*To convert ag m " =- to pi mi, multiply by 0.906.
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exposure of himself and a dog in the game chamber.) Data for the mouse
were used to estimate relative LCt 5f) valuqs for various times.

There is no basis for estimating incapacitating casualties,~ which are
likely to be rare. A few might suffer serious brain damage or persistent
mental impairment (there is some evidence that Baroroft was afflicted for
about a year), but there is no quantitative information and they would
certa*inly be a sall minority at most. (Barcroft's self-exposure was
probably between 825 mg min m- and 1,032 mg Min r73 .)

HYDROGEN FLUORIDE

Response to this toxicant obeys Hamber's Laws i.e., effect is a func-
tion of dosage only and not a function of time and concentration. The
dose-response data upon which the4 probit coefficients are based are pre-
sented in the following table as extracted from data on page 37 of Rau~scho
Tsao and Rowley (1977) (reference 13) of this report).

DO"e
Deaths (EpM Min)-

1&(0 24j.450

95 19,560

so 12,255

5 7,33.5

HY)DROGEN SUIJXDS

No data suitable for calculating dose-response regression for hydrogen
sulfide (li2S) has been found. However, it appears that the same dose-
response as for hydrogen cyanide (IICZ) is unlikely to be seriously In
error. Evans (1967) stateda

"*There is a close nimilarity between the actions of W"*N and
UjS on enzyme systamaj both act as iA-hibitors of cataittuts
and peroxidases (which all contiain iion) , and of dopa oxi-
dase. succinic dehydrogenase, carbonic anhydrass. dipopti-
dases and beftamidese. HCN is )cnouin to coabIno vith tho
iron in cytochrame A5 (Kailin and Hartrea# 1939); HIS5 prob-
ably acts similarly# and hag also been showtn to inhibit, a&W
at about the same solar -concentrations, other systems con-
nected with tissue oxidations, such as the ColIH2 axidase
sysem~ (Slater, 1958W.

The most conspicuous effects of expogure to high concentrations are
loss of consciousness and respiratory paralysis. lumediate first aid to
restore respiration is effective. Victims who rocover naturally or with
medical aid seldom show any lasting harm unless hypoxia has damaged the
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cerebral cortex. The gases are similar also in being quite rapidly detoxi-
fied in the body. For our purposes, this means that the simple dosage-
response relation of Haber's Law does not apply. The gases differ in that
H2S has a stronger odor, particularly offensive at low concentrations (but
at all concentrations, especially higher, olfactory fatigue is rapid), and
it is also morG irritant, so that its effect on the respiratory mucosa an4
eye dominates the picture at lower concentrations; eye effects may persist
for some days.

The close similarity of the two toxicants, HCN and H2S, suggests that
the slope of the regression should be similar, and that the time-dependence
of LEt should also be similar; tha evidence is that detoxification occurs
at a similar rate. We need therefore to check that lethal exposures are
estimated to br of the same order.

Patty (19621 vive the '"dangerous" exposure for 0.5 to 1 hour as 560
to 980.mg m a; k~o.: fCt of 34,650. RTECS (1977; apparently quoting
Hendersn wid gaggard, but no reference is given) quotes an WCLo (least
lethal cetna. : found) of 860 mg m-$ for 30 minutes (CT - 25,200).
NIOSH 0..%,7) Wves a concentration of 1,400 mg m-3 as *rapidly" fatal,
whivh may be supposed to mean of the order of 15 minutes (CT - 21,000).
ft estimate can be mane from the well-known Poza Rica disaster (quoted in
NIOSH, 1977)1 in which exposure for less than 20 minutes to an estimated
l.... o to 2,800 Mg m"3 killed 22 and hospitalized an additional 307t re-
sidual nervous damage was reported in four. (The Ct, admittedly uncertain,
voy have been 2,100 x 15 - 31,500 g min m'-.) Deaths were delayed in a
fewt four at 2 hours, four at 6 hours, onc at 24 hours, ,-nct each on the
2rd, 5th, 6th, and 9th days. "About half the domestic anivals...died",
mostly during the acute phase. NIOSH (1977) also quotes data for mon-
keys, including one unconscious and needing artificial respiration afte"
25 minutes at 700 mg me3 (Ct = 34,300). Poda (1966) reported 123 cases
of Has poisoning at an industrial plant. There were no fatalities but 25
became unconscious. Stay in hoapital/infir•ry wasa

25. I hour
62a 1 to 4 hours
11: 4 to 12 hows

61 >12 hours.

The estiMates of CL for fatality, despite their unreliability, en-
courage the use of HMNamara's WCN estimates for V&at Of a better solution,
Compare, for example, his tWtSO (30 minutes) Of 20,632 mg min a with the
HaS estimates. It appears that H2S is a little less toxict thus, probit
coefficients were derived by doubling the HCN figures ard converting them
to ppe.
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-ETHYL BROMIDE

All the evidence points to the fact that this is a strict Haber's Law
toxicant over quite a wide range of concentrations. On the basis of dose-
response data for several species including man, the best estimate for
lethal dose in man is:

~t50 = 15 x 10 ppm mrin.

The slope of the dose-response relationship is based on the data devel-
oped in Rausch et al. (1977), page 89:

Concentration

Lethality (Ppm)

99 184.3 x 10'

90 164.4 x 10 3

* 50 125.8 x 10-

10 98.4 x 103

1 77.2 x 103

•i. PMOSGhEN

The probit coefficients for phosgene were derived from the following
data extracted from Mausch et al., page 891

Dose
"Lethalit. (pim min)

95 1,052

50 765

15 526

PROPYLESE OXIDS

I Propylene oxide 1i a liquid, with a boiling point of 34.26C.

Epoiddes of low moleclar weight are primarily liritanto with a mild
depressant effect on the central nervous eyayeM. Az alkylating agenta,
they have a radiomimetic effect.

Data in Patty show a considerable influence of time on effective con-
centration. An example from data on inlimi intensity of expookwe to
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cause death in all animals:

Time Concentration Dosage
(minutes) (Mg m- ) (mg min m-3)

6 95,000 570,000

60 33,300 2,000,000

600 9,500 5,700,000

This time-dependence of dosage is not unlike HCN. These data were used tc
derive the exponent of the concentration.

The data also show that propylene oxide is not very toxic. With an
Let 5 0 of the order of 1 x 10 mg min m-S, it is similar to carbon tetra-
chloride and methyl bromide. The type of dose-dependence is however much
more like that of CTC than MeHr (which has a Haber-type dependence on
dosage). Despite the considerable differences in toxicology, we think
that the CTC dose-response data should serve adequately for derivation of
propylene oxide probit coefficients.

SULW gR D.TXIDE.

Thib gas has been studied very extensively in chronic, low-level ex-
posure, because of its prominence in air pollution monitoring and control.
(It is, ho'every, probably a proxy for sulfates that are the actual etio-
logic aigents in epidemiological studies.) Low-level human exposure shows
it to be highly irritant. RenderRn wnd Haqgard (1943), for example, gives

8-12 21-31 Thaeshold for throat irritation

10 26 Maximum allowable -or long exposure

20 52 Threshold for iumadiate eye irrigation and
coughing

50-100 130-260 PAximum for 1/2 to 1 hour

400-500 1040-1300 Dangerous for short exposure

Johnltone and Miller (1960) say that "intolerable irritation and
laryngospam" occur at 2,000 ppm (5,200 mg m-3) and laryngeal edema fol-
lowc. 10iSH (1974) says that in catastrophic exposure, asphyxiation is
probable; if the victim survives, chemical bronchopneumonia may ,levelop
and may be fatal after ame days. (A man exposed for 15 to .20 minutes
died 17 days later.) Cynomalgus monkeys exposed to 200 to 1,000 ppm (520
to 2,600 M9 a-$) for one hour (Ct - 31,200 to 156,000mg ain m-S) sof.-
fered permanent deterioratlon of respiratory funotion; they had been uadr
ebronic, low-level exposmue for 30 weeks.
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We have here a case unlike any prqvious one. studied for the •1 and
unfortunately insufficient data to support reliable estimates. The
strongly irritant properties are not unlike those of NH3 or HCl, Or even
of C12i and the persistent, possibly fatal pneumonia reminds one of C12.
But it is clearly not so dangerous as C12 in doses below the asph:ciating
level.

The best estimate for dose-response is that it is similar to I41.
Thus, the probits for sulfur dioxide were derived assuming dose-re4ponse
is identical to HCI (in mg min m-3).

Toluene is a liquidl boiling point, lI0.60CI in "saturated" air,
3.94. It is a powerful narcotic and a central nervous system depresant.

Soe data from Patty and other sources are shown below,

Minimum for given effect in animal experiment (mica)

Prostration 10,000 - 12,000 mg M-q
Death 30,000 - 45,000 mg'm [No times given.)

Ratsa 18 days of 4-hour exposure

4,700 mg m" No deaths
S15,000 s m"( Deaths [No numbers of deaths.]

Volunteers: at 8 hours unless stated

750.q m"s Mild weakness, pareathesia
:1,500 g m_3 Same, plus mental confusion
2,250 mg m-9 Nausea, disuiness, staggerings mental

confusion in 3 hours
3,000 mg m" incoordination at 3 hours

These show incapacitation at 2,250 x 8 x 60 - 1,080,000 mg min m'"
to 3.000 x 9 x 60 , 1,440,000 mg sin ma:

"Rats survived

37,600 20 min 752000 ms min a-$

75,200 60 min - 4,512,000 mg min m-

Rats

leW,75 c 150 ain - 2,012,500 ms min a': were Complqtely narcotised.
Daily exouuare (time?) to 3,760 - 7,520 mf r-a caused incapacitation.

." These observations can be compared with those used for &.- in develop-

ing dose-response for carbon tetrachloride. Using the data from 10- to
30-minute exposures only, the earlier report showes

Harasment (dizuiness, etc.) at 39,000 to 150,000 sq min a'I
, 1 Dangeraus at 438,000 to 8,1901000 ms min a'$;

Lethal at 2,430,000 &g Min a and up.
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These are in the same ballpark as the toluene data and the two chemicals
"are somewhat alike (as regards acute toxicity; not so alike for chronic
exposure). We believe the CTC equation is adequate for toluene.
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Appendix D

DISPLAY PROCEDURE FILE, PROGRAMS AND JOBSTVEAM

FIGURE D-1. DISFTN

FIGURE D-2. FIRDISP

FIGURE D-3. EXPOIB?

FIGURE D-4. MODI)-SP

FIGURE D-5. CALPLOT

FIGURE D-6. PLTflW
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DISFTN,
IF (FILE (FtAS)=O)GET9F.
REWINDOFoLGO#LISTOUT.
RFL960000.
FTN I=FtL=L ISTOUTOPT=t0,BLGOo
ILODEIF(FILE (LGOAS)=O)GETLGC.
ASCII.
REWINO,LISTOUTLGO.
RETURNNPFILEf
tMAPNOFF)
ATTACH•DIS=01SSPLA/UN=LI11ARY.
ATTACI'! ,UNIPLOT/UN=L Igi AHY.
RFL9,100000.
LOSET (LIB=DIS/UNIPLOT)

REWINDNPF ILE.
IF (FILE (TEKAS, AS)=0)GETTEKANS.
REWIND (TEKANS)
CALL UNIPRGCS=2POST(CEVI3TE INPUT=TEKANS)
RETURNTAPE62*LI ST.
GOTO,2END.

OAYFILEo
60TO.2ENC.
',014XGOTO. lIFO.

'.014PsOKOOTO.FO.*
401OXvGOTOIIhFO,•., ~~40 10R tOOTO91INIFO,

SbOO2XR, G0O, tIIfF0.4002Xv60TOgllhFOo

ICAL XvbOTOPI IKFO.
ICAL'ItGOTO.I INFO.

;,,,i"I INFOGET.PLT INFO/UI•L 1IlAJRr.

COPYCF.PLTINVFOOUTPUI .197980.
2ENDRETUAvPLT INFOo IS.

° GUR• OD-1. DL



PROGRAM FIRDISP(INPUT.OUTPUTTAPESUINPIJT,TAPE6OUTPUTTAPE9)
DIMENSION OEAO(2),TITL(T)7TITLI(7),TITL2(7)

DIMENSION XA(410)*YA(410).AX(30.10O),Ag130,O1l0)AY1(309110)
DIMENSION BX(eOO).SY(e0O),BYI(600),CELLID(410)
DIMENSION IPK(50),1PK14SO),IPK2(80),NP(20)sPECNT(IO)
DIMENSION M(400).XAA(40O).YAA(4OO)oh(6,S),XAAN40O),YAY(400)
DIMENSION OX(410).DY(410).DYI(410),ZA(210)OZB(210),Zbi(210)
DIMENSION LSTRNG(SO),LST(s0)9LTV(80)
OATA NP/OtOtOtOtOtOOtO..Ot.OOOOOO,*OOO,.o
DATA PECNT/I.02S.*00S*O7SO*99,g0o

C THIS PROGRAM IS FOR PLOTTING
C NPu3 FOR PUFF MOOEL. NPlmS FOR PLUME POOEL

WDIAaO.0
PRINT 1020

1020 FORMAT(* WRITE THE PLOTTING FILE NAME*)
READ(S,1000)AFLLE

1000 FORMAT(08)
PRINT 1094

1094 FORMAT(* ENTER THE PLOT TITLE 4421 CHARS*)--*)
READ (5.1095) HEAD

1095 FORMAT (210)
PRINT 1021

1021 FORMAT(* 00 YOU WANT TO CHANGE ThE SPILL LOCATIO.*9)
PRINT 1022

1022 FORMAT(* ANSUER I FOR YES* 0 FOR NO*)
READ *. %AI
IF(NAI *EQ. 0)GO TO 1023
PRINT 1024

1024 FOROATIO WRITE THE CELL NUMBER WHERE THE SPILL WILL OCCU,*J )
READ *S NCELL

1023 PRINT 102S
1OS FORmATE. 00 YOU WANT TO CHANGE THE WIKO DIRECTION FkO§ THE ONE)

PRINT 1026
1026 FORMATE* WHICH YOU USED TO CALCULATE THE DATA**)

PRINT 1022
READ Os NAR
IFINA2 PEO. 0GO TO 1030
PRINT 1027

1027 IFOPrATI* WRITE THE ANGLE BETWEEN x AilS AND TOE UiNk DIRECTION*)
PRINT 102l

1428 FORMATIO IN DEOGREE * FOR COUhTERCLOC#MWSZ, - FOA CLOCKWISE'J
READ *. %DIP
WOIR.W01DIS,7.2tl

WVIYEI6o10291CELLo*O1
1029 FOROATIS9I,4jsaF6o2)
1030 CONTINUE

CALL PFSI60ITTAC6,5)TAPE9.AFILE,0.0.0,0,UC.ESEM)SnPtvlhO 9
XORTU0.0

5 CONTINUE

IFE[OJ9) 335.30
1002 ?ORPMATf3I3.tl2*4vAo0)

30 IFlNLOT st0o 200)60 TO 10
FIAPILOT ,oEa 1100 TO IS

IFI(PLOT .AS. 3IG0 TO 20
IF(NPLOY .10. W36 'TO 25
IFINPLOT *[0. 6 904s NPL.T .&O. 7G00 VC 76ItINPLOT. t0. 1991 INTHstI000.
If(hPLOT *[go & sO4. kPLOV .Au, 9140 TC 76
Go to s

FIGURE D-2. I,, ISP
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C READ TOXICITYsFLANMASILITY9WINQ SPEEO.CONCENTRATION
10 ITOXa~l

UWINOUX/ 100.0
IFL~wI2
CONCENzY
GO TO 5

C READ CELL CENTER
IS tall

XA(I)SX*10OO.0
YAMS)y6140600
CEt.LID(t)aZ
NP INPLOT )muNPLOT
so to 5

C READ PUFF MODEL DATA
20 1011

J*12
AX1IsJ)mXe 1000.0
AY(IvJ)wY4I000.0
AYK II.J0-Y41000.0

NP IPPLOT I eNPLOT
IF(AYtIsil *OT. YAX)YMA~uAY(IsJ)
00 TO 5

C READ PLUME 1MOO6L DATA
2S lull

NP (NPLO 1 ~ NPLOT
IFIBYI!) sGTo VMAA1YA~weSt1)

GO To s
76 NP(NPLOT).NPLOT

IfthPLOT AD0. 6 *OR* NPLOT *ED* MENPL0?-S
IPINPLOT 4104 0 4QJ). NPLtO .E0 91taNK~t.OT

Z.J).A.0305.0
M~R1Ij) OGT* VO8TYOMTURQIs41

35 CONT INUE
IFINCELL AGO. 0100 TO 517
XCENaSAINCELL)

S11 CONITINUt
INN~CELL .10. 0 .ANO. v~tn .to. 0.0)00 10 Sit1

00 13 Ital'411

stifct I M 0100 To Sit

If t4.OIRae.0 0.0100 TO S13

S13 CONT INUiE
'311 CONTINUE

a~uIkG 9
IFINP131 *Cos 3!K"&5A1A4h12*IOOI

00 109 as2
VIPAMh .1. 940140 NP 92
IFDISIYA1III OCT; YMAAGO0 TO 92
If IA6SSAAII)).LT.S.**.04.AStAAItII*I.0I.AA) OOTO 14

flXGKRE 0-2 (continued1)



(IJ) I
XAAf.J)zXA(l)
YAA(J)nYA(I)
NJaJ
Juo.'.

92 CONTINUE
IFIXMAX .LT* 99.0)60 TO 30Z
tF(XPAAX*T .10. lO0eGI TO 303
IFIX"AX *Lto 104009.0)G60 0 304
PRINT 3301

3301 FORPAT(* WANN-I 0~NO~WNWINDO ISTANCE EXCEECS 10 KN.*)l
GOTO 3@4

302 XMAXnXNAX.S*0

XIt4C*XLIti/4.0
G0 TO 212

303 XANAmXNAX*50.0
XLI"*XENAX-AMOD (INAX*5.O)
XINC*XLINIO4.0
GO TO 212

304 XHAX*XNAX*500.0
4L 1NaXHAX-AN0C (EAX.SO.0)
XINCgXLIW,4.0

212 IFIYNAX *LT. 10*01GO TO 313
IFIVMAX *LT* 1400.,0)0 TO 314j
IfIYNAX *LT, 1000.0)G0 TO 315

313 YMAX*YWhX*0*S
VLINUYNAX.ANOO(YNAl*0%5)
YtNCPVLIMI'.O2
GO TO 214

314 Y*A~S*VNAXS*0

Go To 214
31S YMAA*YNAw*S0.0

SCAL.L t;6I * .0

CALL 9AGE411*0*1&.01
ENCO0OCA1o9101iLI NLAC

1096 FORANT 42906LOVER ?LANWXSL( LIMIT CtUORE ,IAIO.114S)
IPU.P13) .10. 9 .AiCv kPIll .10. 0160 TO ?I
tALL TITIttt1TLsftI@OI3'mx OISIafaCCIplo

113eI3),V OISTA)CtII')d391290ega0)
C PLOT LWN LIIt? FLANNAlmEt CUNCNTOAMIN

46CALL NU~O1
CALL "AhK40.441) ?...)
CALL CUXvl**9t8.?AA3h I..))

S0 CONTINUE

tIf WES *to*YA to*&0 JC E9 o 0JGN1

FIGURE EP-2 (0coatuaud)
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S8 FORNAT4II ,I3.1vS)
CALL ALNESS(U,10O0XX0YY)
IFIJ *EO.NJ)00 TO 70
IF(J AGt. 400)60 TO 70
JnJ.l

GO TO 56
TO CONTINUE

IFINPI4) *EC* 4)GO TO 1

IF WUOWNO* LE. Sot0 WJMPaQ
DO0 0 1v2rM129NJNP
ja~o

00 52 J81dO,
IF (IAXII9J).LI*O.) G0 TO 51
J26J2*1

OX(J42)vA 1Oj1
OYIJisAYII.J)

OYi (J2)u-OT 4J2)

52 CONTINUE
CALL CURVE(OODY4J4.01
CALL CUAVEIfI.OYIOJ2.O)
"l-5*011-ll
ENCOME409a264,STANO091

26 FORPATIi3,O SECSS)
CALL LINESILSTRNO.IPKMI1
XPOSsAXl1.SI1) ISCALIF I I.EOS.OA.IEOQ,10.OR.I*[EQ,1.*0IR*oO.1@1 YPOSI&40.

YP0Su4AO-AISIAYI I.SlI)ISCALoYPOSII
YPoSIIUYPOStIo.3

CALL Stopy(IPM. 1PGCSO'POS)
Ifll AGO. NW2I O TO 54
WIf .iT, 25)00 TO 54

SO CONTINUE
8* CALL CURvEt(Iesy.I4sc0

CALL CURVE49A$GvI6t1I*,
54 01COOSE4,O60.LSTIUVINO

CALL RESEYI? (SLMS)
60 VOgNaTIllo1N0 VEL vFS.**S0 NUSI)

"CALL LINESMLS1,1illd)
CALL STOAT(IRIselo.0.6.O)SCONicW3.CONCENS 1000.
ENCOE 1S006',L TV)COhKN)

6, fO3•PATfII*3LAlh81Lf LIMIT s(v.e4?#. u04 OA1

CALL LINESILTV*IPK2,II
CALL StOL-II
CALL ENO#Lf111

it CONTINUE
c THE fOLL.•ONO IS Fom 91.OA WOtTI R fif- ON

76 CONTIkUt

109? FOPW*TIIMPFIRE LETNALITV 21O,40!5I

10lo f0*00T113Jrilt tUNuTy .01410.114
trIYORT OLT. 100.01do TO 343+ii 1FIYOR? *L?. 10I1.0300 TC +4

IFIYCT .Lf. IO9 .0@0010 f0 34)
343 V4QeVGfe.~~a5.
3 YTOP.AIITIGTI

GO TO 241

S0l f=GURB D-2 (coatiwmw )
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345 YGRT*YGRT+SOO.0
YTOPwyGRT-AHOO4(VGRT#S@.q0

241 CONTINUE
7s Xc a WAIGNIO)

YC a YAIIGNID)
83 00 a4 101,2

IP(I.EQ*I)CALL TILEILI-0,3 1 STANUM19)

17ff.et021CALL ?ItL94TITL2s-1@O,13bA OISTANCIE(N)
113913"V OISTANiCEM9)1391240,O.0)
Wit1 .EO. V40 TO V11
1711 *EQ. 2100 TO 372

371 YUNnAIsNT (Gs900YT0P)
6O TO 373

372 IMAXuTTOP
373 CONTINUE

CALL ILN920*6I.7.1,73*90*01

XtNCsXMAXJ2,O

y"lNN-YRAX

X5CALOANAX,0*.O
jet
00 ?IS KNIONIl

IftAAeSI*,*t A*GT A4AXIGO TO 215
IFIAOSIVAYIN)l *01. VOAX)4O 70 215,

215 COk?14Ut
CALL CROP (loth ~cIA.Yt.YICNS
CALL "ASKER II
CALL CU4V1fhA~A#AA.kj19-h,
Lot1

116 CONVthUt

IFt(TSOO LGU*CC*s40410.) N(11127

GO 10.*A1. lip 1.1

PIGM~ D-2 (coutinued)



I

127 CONTINUE
NPosakso
00 100 Jul*$
-"OST2,0.aI I *J112,0.0
ZAII) a -R(I1J)

Zl(?llaO1.

ZB1 tZ01 m0.
S~00 110 IKwZ,201

ZA (K)U ZA K-1) .0ST
I|lrZA4K) *BT, NIJI 100lG To 111
ZOfIISQRTIA(IZ.4)'2 * ZA(K)'*2)
ZO1OC) a -23(K)

110 CONT[NUE
112 CALL CUAVERZA4ZU,@20k0)

CALL CUtRVIEIZA4o81.*I.0)
Yll0s.A.0 * R 1(0OI/iCAL.

" !•:•" [~~~NCQOE(310 |4o.U.511 PECNT (4 )

CALL SCISPLA
CALL LINE LSMS~ttPell1
CALL STO. YtA s+ 1 9PAS , s I I

100 CO•NTINU
CALL JiSCTiP (S•ILXS1
1ENtCOGC lC43 0. LS? SUv INO
CA.LL SIVIe'L

CALL. LINESl.•*10*Ptt, I.
CALL 5IOII4I *,O~e.OJ• li~~~ECOGEl t0150, .L TVI TWlO

ITO6 fO#0t1T1)t'0VPORl W5 + ,NS.S 6 4 3 4S1
CALL LINE$ L•k.IP#vl )
CALL ?vh2,...s
Ihtl .Me 1) CALL thOPL f2I
tfIl #EQ, 21 CALL "W ,-31

0. CONtINUE
)eoo CO4TINUE

CALL.I 005'tPL

FIG=I~ D-2 (ouool-,A64)
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PROGRAM EXPDISP(INPUTGUTPUTtTAPES*INPLTTAPE6xOUTPUrTTAPE9)
DIMENSION HEAC(2)tTITL(T?)TITLI(T)tTITL2(7)
DIMENSION XA(.405)*YA(405),CELLI0(4O5),ZA(210)9,ZB(210).Z81(210)
DIMENSION NP(20)9PECNT(I0)tYM(6)
DIMENSION IPK(50),IPKI(SO)1IKP2(80)tXAX(400hYAY(400)
DIMENSION LSTRNG(S0),LS8(50)*LTV(80)
DIMENSION M(400)9XAA(400),YAA(400)vR(6#5)
DATA NP/0,0,000,0,0,0,0.0.0.,OtOtOtOtO.tOtOtOtO/
DATA PECNT/I.0t25.0,v509075.0t99.0/
DATA YM/O.0t96*0t0909t0t0990*/

C THIS PROGRAM IS FOR PLOTTING
C NP*200 FOR GENERAL CATAt al FOR CELL CENTER

PRINT 1020
1020 FORMAT(* WRITE THE PLOTtING FILE NAME*)

REAO(5,IOOO)AFILE
1000 FORMAT(AS)

PRINT 1094
1094 FORMAT(* ENTER THE PLOT TITLE (421 ChARS.)--*)

READ (5#1095) hEAD
1095 FORMAT(2AIO)

PRINT 1021
1021 FORMAT(* O0 YOU WANT TO CHANGE THE EXPLOSION LOCATION* 0)

PRINT 1022
1022 FORMAT(* ANSWER 1 FOR YES, 0 FOR NO*)

READ *v NANI
IF(NANI .EO. O)GO TO 1024
PRINT 1023

1023 FORMAT(* WRITE THE CELL NUMBER WHERE EXPLOSION WILL OCCUR#)
READ *, NCELL

1024 CONTINUE
CALL PFSuB(6hATTAChtShTAPE9gAFILEtt0,0,t0oUCtEStEM)
YMAX 1.0
READ(9,1001)NtITOXtIFLMjWINDCONCENTIG

1001 FORMAT(31393EI2oS)
TMGxTMG/0IO00,0
"UWINOuUWIND/100.0

"5 CONTINUE
READ(9, 002)NPLOTvII9I2sX9YZ
IF(EOF(9))45.30

1002 FORMAT(313,2E12.SAIO)
30 IF(NPLOT *EQ. 200)GO TO 10

"IF(NPLOT *EQ* 1)060 TO 15
IF(NPLOT *EQ* 14)00 TO 20
IF(NPLOT SEQ* S)O0 TO 25
IF(NPLOT .EG* 16)00 TO 28
IF(NPLOT *cgo I7)O0 TO 31
IF(NPLOT .EG. W8)OO TO 35
IF(NPLOT *EQ* 19)60 TO 36

IF INPLOT* E. 1991) TNQuY*.001• "" 00 TO 5

. GO C READ TOXCITY#FLAMMABILITYWINO SPEED, CONCENTRATIOI
10 ITOxtII

IFLMI2
CONCENmY
GO TO 5

C READ CELLS
15 Inl1

• NlilI

XA(I)sX*1000*0
YA(I)Y*1000.0
CELLIDfI)tZ
NP(NPLOT)aNPLOT
Go TO S

FIGURE D-3. rXPDISP
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... --- ---"

C NPLOT=14 FOR IMPACT OEATI'
20 IuNPLOT- 13

Jail
IGN10CI2
R(IiJ)aX*1000.0
NP (NPLOT) NPLO T

:,:. IFfR(1,J) *6T* YM(l))YM(I)IR(ItJ)

GO TO S
"C NPLOT "15 FOR IMPACT INJURY

25 I*NPLOTI13
Jell
IGNIO212
R(19J)lXelO00,O
IF(R(ttJl *GT. YN(l)YN(I)aR(I.J)
NP(NPLOT)IuNPLOT
00 TO 5

C NPLOT*16 FOR FLYING SEGAIPENT INJURY
28 NP (NPLOT) NPLOT

.IAt.PLOT-13

Jell
IGNlOU12
IFR(IR.tI) *.OT. 1(l))YM(I)w(IJ)

GO TO 5
C NPLOTal? FOR PE.K OVERPRESSURE DEATH

31 NP(NPLOT)*NPLOT
I*NPLOT-13
Ja~lIGNIOMIZ•

-- •: • (R(I, J) *-X, or*.

-• 60 TO 5- ,C NP.LOT"l FO PEAK OVERPRESSURaE INJURY
3S NP (NPLOT) mNPLOT

I*NPLOT-13
4.11
ION IONU12
R (IslJs*.1000.0
IF(RII*J) .oT* YNnII)Y~M(I.8RI*JI3, • 00 TO S

C NPLOTaI9 FOR STRUCTURE OANAGE
38 NP(NPLOTItNPLOT

I*NPLOT-13
"++i | J.I1"JeIONlIel;

-Rl ,J)-A*1000.0
IFtAlIj) .0T. Y'(I1)VN(I)-,NIhJI
GO TO S

&S CONTINUE
YNA~xmAAx I (yM(. 1) Ym2 I y"i(3) I, TY(WYMls) IYN stbi)

+... YQRTUmyIIz
•: PEwINO 9;

tFIYWAA *LT* 1U0,.0)00 TO 332
|irOYMA :LT# 100.0*10 TC 33J"•i•+ IF(YMAKX eLT* 10000*0100 TO 334

•/ 332 yMqAXsYtf/AX S, 0

YMA | INTIYNAA)
-0 TO 241•i'. 33I3 YN&AIYNAK*50.O

PFtWRE 1)-3 (xcwtinued)
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334 YMAX*YMAN.500.0
YI4AX*YMAX-AMOC (YMAX#950.0

241 CONTINUE
IF(NANI .E~c 01G0 TO 731
XCuKA (NCELL)
YCaYA(NCELL)
Gu To 732

731 CONTINUE
KC=RA IGNION 0
YCaYA 4I3N IC)

732 CONTINUE
63 CONT INUIE

CALL UNIPLOT
C.ALL.PAGE(11*0#14*.Q
ENCOOE(90,1096,TITL) ,iEAC

1096 FORMAT 42ShOEATt' FROP OVERAPIESSIJRE *2AI0.1MS)
EN4CODE (10. 109?sTITLI)NEAC

1097 FORMAT(2614INJURY FROM OVERPRESSURE s2A10dI4S)
ENCODE (50.1098sTIYL2)HEAC

1098 FORMAT(lel.STRUCTURE DAMAGE 92AI09INS)
00 50 I4*,6
174 I.EQ.1)CALL TITLE(IONOIATH FROM IMPACTS*-100913tX OISTANCE(H)t

113313H4Y OISTANCEM*)1J,1240tb0)
IF(I.EO.ZICALL ?TME19HNJURY FROM IMPACTS*-100913MX 0ISTANCt(M)i
113*13"Y OISTAICE(14),13sI2#0*t*0l
IF(I.EO.3)ALL T1TLt(29HINJtURY FROM FLYING FRAGEW~TS*.1G00

113NX OISTANCEW9)13,13MY DISTANCE(Iiw13*12*098*O)
IF(IIEg*AICALL TITLE(TITLe-1009

113HXK OISTANCElK4.13v9!3hY OISTANCEW9)13912*0,B0#
IFI.EOQtS)CALL YtTLE(TITLZ.-100*

11314K DISTANCE(%)#I3t13#Y CISTANCl~lM),j3s1240*a*0?
IFI?.EO.6)CALL TITLEfTITL2,-100.13141 OISTANCECOI).

113*1314 ITNCIY)IIG00
RATeIYM4IIV#YHAX) # 04t
IF40AT *Ot. 1.0)RAT41.0

CALL 9N~I..8O76$30
YTOPSYNMOxRAT
YINCaYTOPi2*0
XMANsA .O*YTOP,.00
XINCmXMAxi'2s0
YN INm-yOP
KM !NSOANAX
XSCALaXNAX16#O
YSCALaYTIOP/4*0

00 216 9wI.lII

YAYlK)mvAlK)-YC
tFtA6SfX.NXNE)1.GT. AMAXIGO TO 216
If(Aes(YAYK)l 601. YTQP)OO YO 216
XAA 14) mAX 11)
YAA (4) YAYIK1)

216 CONTINUE
CALL RFNt.NN.MEI4VNTP
CALL MARKERM)
CALL C1J~vEtAAA.YAA~hjs-l
17(14 6EO* 0140 to 1II
LotI

FIGURIS D-3 (continued)



116 CONTINUE
XX-XAA IL-0*1
YYuYAA WL)
XTESUWAA (L).XNA ML1)
YTESWYAAWL)YAA (L1)
IF fXTES.EO.Q. *AND, YTES*0*QO.) I L).IC(L'-)
ENCOOEIZO12 lO.U) KILl

120 FORMAT(PI' #139ths)
CALL RLMESSiUJlOO.X#YY)
EFIL *EQ* NJ4)O TO 12?

LmL#I
IFML *GT. 40O)GO TO 127
00 TO 116

127 CONTINUE
XPOS"3.6

* 00 114 48lss
OXu2.&*AtIsI,)flOO0,
ZAMR)-RII.J
ZO(1)0.

DO 110 Kv2#201

1742*1K) .0?. R(Isi))GO To 1la

It0 CONTi -UE
I1I CAV K CURVE!2AsZZ 20l0)

CAL' CURVEIZAtZl81013*0)
XPUSw .S. XPOS
CALL SCMPLIrYPOS •A.0 t,2Si ( 9 0) fYSCAL

-,NCOCI30o114 oLAS)PECNT (J)
S~~114 frOPiNA.YFS*?v3e" 1 O3ld We

CALL LI.JPSILMS,IPK,1)
CALL STORVt1P)(,l .XPtS,0VPS)

00 CONTINUE
CALL SMPLI
CALL RESK ISh9LINI)
rNCuOkti8O.SSLLTV 1tMO

SS FOROATIIIJOSI' EMPLCO01Q 4 E9*,30 KO$)
CALL L INs(.TV.ir ,2,11
C;1L STOflYIlP,201*,00@.Cd
IM( *EQ, ki CALL EN9LI1Ii
t i& 10,o R) CALL fh'PLI(2)
7If1 *EQ. 3WCALL ENDPLI-31
llii .10. ML.LL EtNCPL(-4)
tllrt *Q. SICALL DWCPLI-51
tM 40. 6tALL (NCPI.-61

%Q Co•0 IIUE
40040 CONTINUE

CALL COIWEPL
.NO

FIGURE D-3 (cWoluleld)
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PROGRAM TOXOISP(INPUTOUTPUTTAPE5aINPLTTAPEGUOUTFUT.TAPE9)
DIMENSION XA(410)tYA(410)oAX(30,103).AY(30,1O3),AYI(30@l03)
DIMENSION HEAC(2).TITL(?),TITLI(T),TITL2(?)
DIMENSION 6Xt601)98Y(601),6YI(GOI)@CELLID(410)
DIMENSION NP(20).M4(400),NK(2,20),Rf3.10),PECNT(IO)
DIMENSION XAAI40O)tYAA(4O0),DX(110),OY(119),DYI(110)
DIMENSION CX(2.5300) CY(2.5.300)*CYl (25o300)
DIMENSION XC(400),YC4400)YC1I400),XGR(3),YGR(31
DIMENSION LSTRNO(SO4)LSTSO)sLTV(60)
DIMENSION IPK(sO),IPKI(SO)oIPK2@601
DATA NP/0,0,0,0,@,0,0.0,O.O,0,0,0.O.090.0o0,0.O/
DATA NI|t4OO/NI20IStohI4/400/
DATA NJa0t9NJI/0#
DATA IORAW/Ot
DATA PECNTAI-0O02S*OvS0O.TS*O.99aOI

C THIS PROGRAM IS FOR PLOTTING TOXIC CASLALTY"
WRITE(At1003)

1003 FORMATI* VRITE TI'E PLOTTING4 DATA FILE NAME*)
C NPauOO FOR GENERAL CATA# *I FOR CELL CENTER
C NPu2 FOR PUFF TOXIC, at FOR PLUME TOXIC

REAO(S.IOCO)AFILE
1000 FORMAT(AA)

PRINT 14 P
1094 FORMATI' ENTER THE PLOT TITLE (421Ch"Sol-t)

READ (991095) NEAO
109S FORMAT(2A10O

WRITE (61004)
1004 FORMAT(O 00 YOU WANT TO CHANGE THE SPILL LOCATWON'e)

WRITE(f61O0S)
1005 FQVOAT(O ANSWER I FOR YES9 0 FOR NO*)

READ 09 NANSI
IF(NANS1 *EQ. 0)100 TO 602
WRITE(6*1O0?)

100? FORMAT(* WRITE THE CELL NUMOER WHtNE THE SPILL WILL OCCUR*)
READ *. NCELL

802 WRITM(6,1008)
1006 FORMAT(* 00 YOU WANT TO CHANGE THE WIND OIRECTION F"OW ThE OWE')

PRINT 1015
1015 FORMAT(' WHICH YOU USED TO CALCULATE THE PLOTTING DATA**)

WRITE(6.1005)
READ *, NAN5S
IF(NANS2 oEO. 000 TO u03
WRITE(6,1011)

1011 FORMAT(o WRITE TO ANGLE BETWEEN I-AXIS ANO WIND CINECTIOko)
W RITE (6v1012)

1012 FOROAT(O IN DEGREE* COUNTERCLOCKWISE IS *O CLOCXWISE IS -01
READ of wOIp
WD|RUWO IR'ST,.2TI

003 CONTINUE
CALL PFSUO(6OATTACoS~rAPE9,AfILE.Oo000oUCESECH
REWIND 9
I.'
XORtA.OO

YORT.0000S
YMAXEU0000S
REACt9,1O01SN, ITGo)IFLNLWIt4U,C0NCE#4.TIS

.1001 FORWAT(393o3EI2.4)
CONCCNOCONCEN/1000.o
TMGOuTG/lO00.O
UWINDIUWIND/IOO0.
W RITE(6,103 )iIkoTOXIoFLM.UWINDCONC£NoTWO

S CONTINUE
READ (9ol02)NPLOTfII#I1t•2•2Y
IFICOF£153530

FIGURE D-4. TwDZsp
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1002 FORMAT(31392E12,4*AIO)
30 IFtNPLOT *EQ, 200)8C TO 10

lF(NPLOT .EQ* I)GO TO 1S
lF(NPLOT .10. WOO0 TO 20
tF(NPLOT 940. 000 TO 2S
lF(NPLOT .10. 10 *OR* NPLOT *CC* 11)00 TO 125
IF(NPLOT .10. 12 *00. NPLOT *EG. 13)GO TO 126
If (NPLOT .10. 199) TKHuL'1000s

qx GO TO'S
C READ TOXtCtTYFLAMNAGIL1TY9WINO SPEED AND CONCENTRATION

10 ITOX~ll
tFLN812
UwINOnx/l00.0
CONCENOY
GO TO S

C READ CELL

YAMV) Y
CELLIDIZ~n?
NP(NPLOT)sNPL0T
GO TO 5

C READ PUFF DATA
20 tell

AY'I*JlwY
LYAIfI.J)u-Y
N 1281
NP INPLOT ) NPLOT
M~Y *GT* YM4AX)YRAISY
00 TO S

C READ PLUPE DATA
25 lull

ox41)*x

BY14118-

NP (NPLOT I NPL@T
MYl OOTS yoAI)y"AAWY
00 TO S

C READ PLUNE DATA
125 NPINPLOTUNkPLOT

1aNPLOT-q
Jell
Koal
NK(I*J)BK

CXtl9JoK)9X

MY( SOT, YORT)YORMI~y

WX *G* XAT)OR t (I

00 to S
124. NPfLOT~aNPLOT

ZaNPLOT-1il

MY Me K~YCtYRt*

ltE1 601. XGR1)XOR(1)UA

1DRAW81
00 TO S

FIGUREZ D-4 (contiaied)
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3S CONTINUE
IF(NCELL *EO. O)GO TO 517
XCENaXA(NCELL)
YCENNYAINCELL)

S17 CONTINUE -
tF(NCELL *EQ. 0 *ANO. VOIR .*E0 0.0)60 TO 511
00 513 IslNIl
IF(NCELL *Eg. U0GO TO 515
XA1)uXAM()-XCEN
YA(I)UYA(I)-YCEN

SIS XA(I)uXAM)*COSfwOIR) + YA(I)eSININOIR)
YAtI)u-XA(I)*SIN(WOIR) * YA(1)OCOS(WDIP)

S13 CONTINUE
Sl CONTINUEWRlITE(6.1O89)NIN12,N14.NNK(1)

1089 FORMAT(SXsONCELLSUeI4#* NPUFF CVS*e9I4t* NPLU CVSeO*14** NKU'*14)
REWIND 9
MKuNK(M)
IFtNP(2) *EQ. 2)XMAXaUAA(K129100)
IF(NP(M) .EQ. 4)XMAX0AX(hI4"
Jul
DO 92 Il#.NIl
IFtXAMI) *LT. 0.0)60 TO 92
IFtNP12) *EO* 2 *ANCD AOS(YAfI)) iQTs YMAX)O0 TO 91
IF(NP(4) .Ago 4 *ANC. ABSYAII)) ,GT* YKAX)GO TO 92
IF((NPI?.)EQ,2aOR*NP(4o*EQ.4)eANO*XAut),GTXMAX) GC TO 92
""4tJ)eI
XAA(J)OXA(])
YAA(JaYM()
NJwj
JvJ 4,

92 CONTINUE
IFIXMAX *LT, 1.0)60 TO 302
IV( iXAX .bLY 10*0)00 TO 303
IF(XMAX .LT# 100.0)00 TO 304
IFfXPAX 6LTs 10400.100 TO 305

302 XMA.XNAX*O.,05
XLI~aXAXA-A#00(XVIA~s0v05)
XINCRXLIN/4*0
00 TO 212

303 XHNAX@XMAXOe.
•.. LINuXNAXI-ANO0 XMI,0A OS)

XINCaXL|N1dMO
00 to 212

304 XAXNIX4AX*S .O
XLI~mAINT4XNAP)
XZNCeILIW/4.0
6O TO 212

J0S XPSA~vXMA%*S0.o
XLI9MKHNXA-AOCIXP&XsS.U)
XINC.eLZIM14.O

212 IF(YMAX LT. O.1)GO TO 312
IFtYNAX ALT* 1.0600 TO 313
Z7(YPI'AX #LT. 14,060 TO 314

312 YMANNYVMA.O.OOS•: YLI~uNu N.XANOC (YNAE .00051•

YINCoYLIA,'2.0
""GO o 214

313 YWAXmYNAX.O0.OS
YL|Iw.YNI4-AMOO 4VNAZ.0 .U)

VINCwYLIu#29O
0O TO 214

FIGURE D-4 (continued)
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314 VNAXEYMAX.0*5
YLIMOYMAX-ANOO (YNAX#O.5)
YtNCaYLIM12*0

214 XSCAL*XLIP4/12*0
YSCALwYL IM14.0
YNINu-YLIM
WAITE(6,10?9)XLINYLIMYIINXINCYINC

107 7R#AT(SX5PS576)
CALL UNIPLOT
CALL PAGE(11*G,14.O)
ENCQOCE(50,090,TIL) HEAC

1096 FORMAT(2*4PTOXIC IRRITATION CURVE ,SA109IMS)
ENCODE(S0.1O979TITLI) HEAC

1097 FORMAhT(114PTOXIC OEATH ,2A10,1115)
ENCOOE15S*dO98oTITL2) NEAD

109S FORNAT(1SPTOXIC INJURY 92AI0,141)
40 CALL T:TLEITITLv,1O0o14HX DISTANCE(MW)s

114*1414Y DISTANCEIMd*,412*098.0)
CALL GRAF(0.,RINCXLINYWINYINCYL1KI
CALL MARKER11)
CALL 8LkK1(3oa.S.4s7.ose*3tI)

CALL CURVE(XAA*YAA.IJt-l)
IP(NJ *Ego 0)40 TO 70
jet

56 CONTINUE
XXuXAAIJI-0.1
YYSYAA (i)
XTES*XAAAW)-XAA IJ-1)
YTE~mYAA(Ji)-YAA (J-1)
IF WIES oEQ9O. 0 AhD. VTES .10. 0.) K*(J)uH(J-1
ENCODE(2O,!6,U)N (J)

SS FOR#AT(lh *13#1141)
CALL RLMESSfU.IOOXXA.YV)
17(J *IQ* NJ)4O TO TO
jujo1
I7(.J .06T, 400)00 TO 70
60 TO 56

TO CONTINUE
17(NP(PI) aE0. 4)60 TO 46
NJNPv1
If WuINO. LI. 5.0). N"iPS
CCo So IwlNI29NJP
jiso

00 10 J"191011- IIAX(Ijlh.LEo0s) GOTO SO

O*(JJ)wAxlIJ)
oY(JJ)obY(Ij)
DYl IJJ)V-OYIJJI

00 CONTINUE
CALL CW4V(ID~OMYsJJsO)
CALL CURvEtOEUtksJJ.0)

ENCODE (4O.26oLS1RNGh19I
26 t*RNA?1139611 NINIS

CALL LINESILSTASGIPKok)

YPOSeA.0q.AY(I ,S1 IYSCAL*VPOSlZ

CALL ST0SY (IPKsl .POS. YPCS)
IM1 .10. w121GO TO 54
17(1 .0?. 29140 TO 54

PIGURS D-4 (coattjwed)
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s0 CONTINUE
48 CALL CURVE(SXvbY9NI4vO1

CALL CURVE(IX96Y19N1*.0)
54o ENCOOE(SO9609LSTIUWINO

CALL RESET ISI~BLNKS)
60 FOROAT490WINO VEL *fSea.SH M/SS)

CALL LINES(LSTtIPKIO1)
CALL STOR(ITP9X.1#,*0#0.O)
CONCENeCONCEN*10OO.

A £NCOOE(609629LTV)CONCEN
62 FORMAT(21)4LTV FOR IRRITATION a *9.346) 4/CCSI

CALL LINES(LTVIPK2li)
CALL STOAY(tPK2dsI4#0s7*6)
ENCOOCE(00649MT)THO

64 FORMAT(13IVAPOR MASS a #[04 KOS)
CALL LINES (LTV9IPK2911
CALL STORYIIPK291*4*097*2)
CALL ENOPLf-I)

71 CONTINUE
C THE FOLLOWING IS FOR PLOTTING TOXIC CASUALTLY
C NPs1O PLUME TOXIC CEATh, NPaUU PLUM4E TOXIC INJURY
C NwI2 PUFF TOXIC DEATH.o N813 PUFF TOXIC INJURY

IF UIDRA% *EQ. 0) GOTO 3000
131 00 1100 Z102

IF(I AC*. M)ALL TITLftTITL1,-l0OoI4MX DISTANCftKh)o

IFll #EO. Z)CALL TITLE(TITL2#-100vI4MX OISTANCEIMP)s
D41H ISTANCEIKO)#14*12*Ow890)

YORYNYGRI I)

lfIMONT *LT* 10.0)00 TO 322
IFIMORI .LTm 100.0)60 TO 323
IFfXORT *LT. 1000*0)00 TO 324

322 XONT &XGAT*0*5
XTOPU*XOT.AMOO IXGRT*0.S)
XOELwXTOPi4 .0
6O To 222

323 XGRTNXGRTO5.0
XTOPmAINT INGT)
XDELeXTOPi4#0
00 To 222

324 I0AT*XGRT*50*O

x0ELuMTop0'4*O
222 IF4YORT *LTs 0al)GO TO 332

IF4VORT ALT# 1*0)60 T0 333
IFtYOAT kLTv 10.0)00 TO 334
IFfYORT 6LT. 100.0100 t0 33S

332 YORTwYGATs.0O5
YtOPEVOI4T-"AN yGORT9.0o51
YOEL*YTOPý2.O
0O TO 224

333 YGPTwVGAT#4*O5

00 TO 224
334 YOQTwYOUT#0a9

YTOPvYGPT-AMOO (YOAYO.Sl
YOELNYTOP12*0
G0 to 224

FIGURE D-4 (constiinud)
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335 YGRT*YGRT*5*O
YTOPsAIKT(YGRT)
YOELaYTOP/2.0

224 XSCALwXTOP/12.0
YSCAL-YTOP/4.0
YGOTu-YTOP
WRITE(6,1o7?)XTOPoYTOP*YeOTADELYOEL
L=1
00 402 JulsNIl
XAAIJ)*O.O
YAA(J)uO.O

402 CONTINUE
Do 404 JSuNII
IFtXA(J) *LT* 0.0 *OR* XAWJ) *OT. XGRT)GO TO 404
IF(AIStYx(J)) .04# YORTIGO TO 404

' MIL)nJ

XAAIL)*X&(J)
YAA(L)uYA(J)
NJuL

404 CONTINUE
CALL GRAF(O.OXCEL.XTOO*YaOTYCEL*YTOP)
CALL NARxERCL)
CALL GLNK2(3,897*.S?*4t8*3*I)
CALL CUAVf($AA#YAAshJ#-1)
IF(NJ .60. O)O0 TO 171
Lul

140 CONTINUE
XXuXAA(L)*ol
YYYAA(L)
XTES=XAA(L)-XAA(L-)
YTESwYAA(L)*YAAML-1)
IF IXTES.E*O sANO*YTiS*EQ*O*) (L)OW(L-1)
ENCODE(20t 142eU)M (Ll

CALL RLNESS(,U00,XXYYl
.IML A60. N.J)G0 TO 17I

IFIL *OT9 400)00 TO 171
00 To 140

1I1 CONTINUE•" KJu 1

If WF e Ec. 2 *OG. J .EU. 4 010tO 110S
YCW.I.01-S
XCN.O.0
KNUNKItiJ
00 1110 K9IK0
XC¢(K) sCXliKI
YCfK)mcyt41.j#N
YClIK)b-vCY)K)
IF(YCIKI eat* YCNIGO TU 207
00 TO 1110

20? YC4SYClK IIC~uIC (K)

KJex
1110 CONTINUE

CALL CUAVEAC.TYC*KN*03
CALL CURV(tXCsVClI#h#0,
EtgCOOt(SO*2O9fLST1PtCfl ii

I=GURE D-4 (continLed)
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209 F041NATIFS.193#1 I#$
CALL SCPPLX
CALL LINESILST*IPKI*1)
XPOS*XC/XZSCAL
-YPOSe4*0,YCN/YSCAL
CALL STORY(IPKIo,1XPOSYPOS)

1105 CONTINUE
CALL RESETIS 8LhKS)
CALL SIMPLX
ENCODE160,68ILTV)UMIND

68 FORNAT(|INWINO VEL a 0F5*2l51 PiS$)
CALL LINES(LTV9|PKR•ld
"CALL STORYI PK2vI# *4*#**)
ENCOOE(60#67*LTV)TMO

67 FORMNT(13HVAPOR HASS a ,E9.3*4k KS)
CALL LtKESILTV*IPKR* )
CALL STOAYQ IPKl,1,4.0$7.0)

1r4 IFIl |f(| *)CALL ENCPL4-2)
7IF1| .E0 2)CALL EkCPL(-3)

1100 CONTINUt
3000 CONTINUE

WRITE 46*3002) IORAV
"3002 FORAT(T/o IDRA%@ '.1)

CALL ODNEPL
END

FIGW•E 0-4 (oonolude4)
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PRDGRRM CALPLOT

/JOB
CjP.PLLOTsT3k, P?.
U.11-sIp C'
PROJECT 4

COPYBFs,,PLOTF.
ROUTE PLOTF DC=PR, UH=PLOTTDC)
/FOR

•i o'EOiR

'HOSEO
4IC1VPRCK

'READ'PDY.

FIGUR~E D-5. CALPWT

PROGRAM PLTINFO

PLO-TWO

CLISTflMt VRH, U 9 COA-.ýT GUARD
tNITIATtJRs V. APTICOLA/ECI

PiRI' TY9 RES
PAPFP TYPE* PLAIN
P'APFR !ýIFo li

rtfBPOF PENSv I
PFH It PLA T!,t4VO
DIFLIVIER UISTRUCrXQ?4, HOLD
PLOT I'CF

REIGpr| D-6. WEv

PRF1O TYP D-LRPLUW

.. • RED..19
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